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CusHING’s syndrome pituitary basophilism has attracted wide 
attention since its original description 1932 [1]. addition the 
verified cases included Cushing’s papers and review the literature, 
there have since been described least cases the syndrome which 
have come autopsy. These are analysed recent monograph 


[2]. records fatal cases, including those described 
Cushing. The pathological change the pituitary these was 
found basophil adenoma; hyperplasia the basophil 
adenoma; and yet undifferentiated are reported. 
cases the pituitary was said though the nature the 
examination was not specified; cases serial sections the gland 


revealed lesion. 

Essentially the same clinical features which characterized Cushing’s 
syndrome have, however, been found cases which the primary 
pathological lesion appears have (1) adrenal cortical hyperplasia 
new growth [3] and [4]; and (2) carcinoma the thymus [5]. 
Related, and some respects, strikingly similar clinical pictures have 
been described in: (3) pineal tumours [6]; (4) gonadal tumours [7] 
and (5) tumour the interpeduncular space with normal pituitary 
body [8]. 

The work Susman [9] and others [10] emphasizes, what indeed 
have been foretold, that basophil adenomata may occur 
the absence Cushing’s syndrome. There is, however, abundantly 
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convincing evidence the described cases that the relationship between 
pituitary basophilism and Cushing’s syndrome causal and not casual, 
even though many features its pathogenesis remain obscure. our 
search the literature complete, the case record below unique 
that syndrome, recognized during life and attributed 
pituitary basophilism, was found autopsy associated with 
malignant growth—a basophil adeno-carcinoma the anterior lobe 


the pituitary gland, with metastases the liver. 


REPORT. 


CASE 


1932. 28577). Margaret L., spinster, aged (referred 
Dr. Taylor Bolton), was admitted the Liverpool Royal Infirmary 
July 1932. 

Her ill-health dated from 1927, when she began gain weight, suffer 
from headache, and had noticed her changing. her chin, 
face and lips had been present for over twelve months. For over two years 
she had suffered from gnawing epigastric pain, the back, and exhaustion 
slight exertion. 

Her family history was not significant. Her father died from 
had suffered from recurring and died seven years 
after their onset. Her mother died typhoid fever, which disease 
brother had the age 36. One sister died pneumonia. 
Two brothers and one sister are alive and well. 

The only illnesses from which the patient had suffered were measles and 
chicken-pox child. 

Her work involved examination cotton materials for faults after being 
turned out weavers. 

She was life-long teetotaler and non-smoker. 

She first observed her red face, brown body and limbs three years previously, 
and she had noticed that her skin had withered appearance. Thyroid gland 
was administered this time without any improvement. Later, deep 
brown stains and bruises made their appearance the lower limbs. Soon 
after this she noticed pads fat above her clavicles, back neck, and arm- 
pits, which were painful and and her abdomen began swell. With 
this she first suffered from gnawing epigastric pain, never very acute, remaining 
localized and unrelated food, meals, bowel movement, exertion cough, 
but aggravated stooping. She had flatulence, nausea vomiting. 
Occasionally she suffered from acute lancinating pains radiating round the 
lower right ribs. Her appetite had remained good, but she was constipated. 

Two types headache were described. The first was constant gnawing 
occipital ache which had been present for twelve months and was occasionally 
accompanied similar sensation behind the nose and the throat which 
sometimes “took her voice away.” The second type, which she had 
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experienced six attacks the preceding four years, was accompanied 
intense bitemporal headache, insomnia and vomiting. With each these 
attacks the face swelled and remained puffy for some days. 

June, !931, she first experienced double vision, though for two years 
prior this she had worn glasses because her vision was occasionally blurred. 
Her first attack diplopia lasted ten days; subsequent attacks were only 
few minutes’ duration, though extreme lateral movements the eyes were 
associated with slight diplopia. 

For twelve months the hair her face, particularly chin and upper lip, 
had been increasing; the growth the lip was rapid that she plucked 
out daily. For least two years she had noticed her scalp hair becoming 
sparse, dry and brittle. 

Between August and December, 1931, she had six attacks momentary 
unconsciousness which caused her fall; typical convulsive movements 
accompanied the attack, though her friends had observed few clonic move- 
ments the left arm and leg; local paresis followed the attacks, though 
she felt exhausted after them. Weakness the hip flexors and pain the 
back had made rising from recumbent position difficult. 

Prior December, 1930, her menses were quite regular (3-4/28), though 
was frequent. Without any marked menopausal symptoms 
her menses ceased December, 1930, and did not return. 

Between November, 1929, and July, 1931, she gained st. weight; 
this was then stationary for six months, but during the past six months she 
had lost nearly st. 

She had thirst; had rise three four times nightly 
micturate during the past few months and passed copious quantities pale 
urine. 

(July 1932).—She plethoric type, round shouldered, 
in. height, weighing lb. Her face was puffy appearance, 
and had dusky, cyanosed, brownish-coppery hue; there was jaundice. 
She had well-marked moustache and beard growth; eyebrows and eyelashes 
were normal; the hair the scalp and was dry, short, sparse and 
inelastic the pubic hair was feminine distribution. The skin the body 
and limbs was rough and dry, had fine scaly surface and parchment-like 
brownish pigmentation, especially the face, nipples, axille, lower 
and legs below the knees, was striking, and large subcutaneous 
ecchymoses were present, especially below the knees and the forearms 
where slight injury had produced them. were seen 
the upper and outer aspects the thighs and the lateral abdominal wall 
they were present, though less marked, the anterior folds the and 
the upper arm. There were tender pads fat above the clavicles and over 
the vertebra prominens; the abdomen was obese and protuberant this torso 
obesity was out proportion the relatively sparse limbs. enlarged 
glands were found, though there was small the right neck 
resulting from old gland abscess many years before. The thyroid gland 
was not enlarged. 


AND CLINICAL CASES 


ARTICLES 


ORIGINAL 


Vision the right eye was and the left due hyperopia; the 
media were clear; the were normal; the retinal arteries showed slight 
sclerosis and tortuosity but exudate were present. The 
visual fields showed slight general contraction but characteristic change. 
The pupils were equal, central and regular, and responded normally light, 
both directly and consensually, and accommodation ocular movements were 
full and nystagmus could elicited. Other cranial nerve functions were 
normal. Apart from slight weakness the hip flexors, there was focal 
paresis, and reflexes, sensation, co-ordination, &c., limbs and trunk failed 
reveal any evidence focal nerve lesion. 

The heart showed left ventricle hypertrophy the apex beat was in. 
the the middle line the 5th space and was forceful and diffuse; the 
aortic second sound was the fundamental cardiac rhythm was 
normal but extra systoles were frequent. The blood-pressure was 180/90, 
pulse-rate 84; the radial artery wall was moderately thickened. electro- 
cardiogram showed left axis deviation, auricular extra systoles, and inverted 
and T2; block was found but some records the suspicion nodal 
rhythm was present. 

Her tongue was furred but normally she had upper and 
partial lower denture; the remaining teeth were satisfactory; 
pharyngeal disease was evident. tenderness was elicited 
abdominal examination but there was localized rigidity, distension 
tumour, and neither liver nor spleen was palpable. Rectal examination 
showed pelvic abnormality. The larynx was normal. The lungs showed 
evidence active disease. 

The urine was acid, sp. gr. 1006, and contained albumin (0°2 per cent.), 
sugar per acetone, bile pigments and excess urobilin 
were present, many hyaline and few granular casts were seen, but blood 
nor pus cells. 

The Wassermann reaction the blood was negative. 

The cerebrospinal fluid was clear, colourless, under pressure 100 mm. 
fluid with normal response jugular and abdominal compression; 
contained excess protein, cell per c.mm. and produced change the 
gold curve; the Wassermann reaction was negative all dilutions. 

The blood was 10°5 mg. per 100 the non-protein nitrogen 
mg. per 100 and cholesterol 250 mg. per 100 

concentration test gave the following result after gm. urea 


Before urea gm. urea per 100 


hour after urea (105 c.c. urine passed) 
glucose tolerance test after gm. glucose gave the following result 
Blood sugar Urinary sugai 

Before glucose 130 mg. per cent. Nil 

hour after glucose Nil 


hours after glucose per cent. sugar 
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blood-count showed 


Hemoglobin.. per cent. 
Red 5,120,000 
Size—halometer microns 

White blood 7,500 Polymorphonuclears per cent. 
Lymphocytes 
Monocytes 


Stained films showed abnormality the red cells. 


Radiograms.—The pituitary fossa was somewhat irregular outline and 
there was marked decalcification the clinoid processes. The skull showed 
well marked decalcification (this was true the whole skeleton) but there 
were many small focal translucent areas. addition osteoporosis, the 
lumbar spine showed chronic osteoarthritis. stones were present the 
urinary tract. evidence active tuberculosis nor enlarged thymus 
seen the chest radiograms. 

Though the blood calcium was normal, standard diet containing 
100 mg. daily, her excretion averaged 600 mg. the urine 
and mg. the faces for three-day period; compared with normal this 
suggests increase urinary calcium excretion. 

Dr. Datnow investigated (August 29, 1932) the Aschheim-Zondek 
reaction and reported follows 

urine injected into three male and three female 
immature mice five times morning and evening consecutively: 
after one hundred hours showed change their genitalia. This suggests 
that there hormone present which will produce any effect the ovaries, 
uterus testes. 

fresh specimen urine was mixed with 240 absolute 
fair amount precipitate resulted. This was centrifuged off and 
the deposit treated with ether extract any that may have 
been present (anterior pituitary hormone not soluble ether). The remaining 
precipitate was suspended normal saline solution (if there had been 
any pituitary hormone present this suspension should contain six times much 
present the normal urine). Absolute alcohol precipitates anterior 
pituitary hormone. doses the suspension were injected subcutaneously 
into series female immature mice. These showed genital changes after 
one hundred hours. 

there was any hormone present Miss L.’s urine, was quantities 
very}much below what found cases where the pituitary active. 

specimen urine was diluted ten times and doses given another 
series immature mice with negative result. 

was done because very great excess pituitary hormone inhibits 
the change immature mice, and there was flood hormone Miss L.’s 
urine, might have obtained negative results owing this. The urine from 
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normal woman the child-bearing age would have given more change the 
immature mice than that Miss 

urine from patient the menopause would have contained very 
much more pituitary secretion than that Miss 

course X-ray therapy' the pituitary area was started July 26, 
and two months later she reported feeling much better, her headaches especially 
being less frequent and intense. This improvement her headache continued 


Fic. 1.—Photograph 1924. 2.—Photograph July 28, 1932. 


throughout 1933. She then relapsed, with gradually increasing weakness, 
headache, pains the back, impairment vision, lethargy and recurrence 


her attacks unconsciousness. 
She was re-admitted hospital January 16, 1934. she was very 


ill further detailed investigation was not undertaken. glycosuria and 


Treatment commenced July 26, 1932. Medium Deep X-ray therapy was given 
175 K.V. with mm. copper and mm. aluminium filtration, through two lateral fields 
cm. size centred over the pituitary fossa. The irradiation was carried out the 
fractional method, approximately 200 being given each area each sitting. 

first the treatment was given once week for four doses and then increasing 
intervals (i.e. once fortnight for four doses followed four doses three-weekly 
intervals). 

January 11, 1933, treatment was discontinued for two months and recommenced 
March, 1933, when the same irradiation was given fortnightly for four months, and finally 
for two doses three-weekly intervals. Treatment was discontinued December 27, 1933. 
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albuminuria had increased (fasting blood sugar 200 mg. per and non- 
protein nitrogen mg. per had developed abscess over the 
left olecranon (probably suppurative bursitis). troublesome feature was 
her severe cough accompanied considerable mucoid expectoration, slight 
fever and hoarseness. She had developed indolent ulcer the right leg. 
Later the sputum became purulent but was free from tubercle bacilli. 


3.—Photograph after death showing distribution fat, hair and pigmentation 


February she was much drowsier and developed paroxysms auricular 
fibrillation incontinence urine and appeared February 

February she fell out bed and developed marked ecchymoses and 
crepitus the right shoulder area, suggesting fracture the neck the 
humerus. developing bronchopneumonia terminated her life 
February 11, 1934. 

Her extreme reticence prevented our taking photographs her body during 
life but her facial appearance 1924 (fig. contrasts strongly with photo- 
graph July 28, 1932 photograph taken after death shows the 
characteristic features the syndrome (fig. 3). 


ORIGINAL ARTICLES AND CLINICAL CASES 


PATHOLOGICAL EXAMINATION. 


The post-mortem examination was carried out February 11, 1934, six 


and half hours after death. 

The body was that small, well-nourished woman, showing the external 
appearances already described. The skeletal muscles were generally atrophic 
and showed good deal fatty infiltration between their bundles. 

Bones.—The ribs were notably decalcified and could readily cut through 
with the knife. The condition found was one simple atrophy the bone, both 
cortex and trabeculie, without any evidence fibrous transformation, 
the type seen osteitis fibrosa, osteoclastic absorption. There was 
histological evidence the method removal the bone. fracture 
the right humerus was present just below the surgical neck and was associated 
with the same bony atrophy. similar 
strength, was found the femora. There was general hyperplasia red 
marrow, this being present the centres the shafts the femora. 
scopically the bone marrow was hyperplastic, the overgrowth affecting all the 
cellular elements equally. 

Circulatory system.—The heart was little enlarged, weighing The 
hypertrophy chiefly the left ventricle. 

Respiratory system.—The upper air passages were healthy. There was 
mucopurulent bronchitis. The lungs showed number nodules moder- 
ately active caseous tuberculosis both apices: other respects they were 
healthy. 

Alimentary tract.—The stomach was healthy. The duodenum showed two 
diverticula, each about cm. diameter and depth, situated either side 
Vater’s ampulla: these did not show any evidence inflammatory change. 
The intestines were healthy. The liver weighed was the seat 
well-marked fatty infiltration and microscopically showed 
miliary tubercles. Three four small whitish nodules new growth were 
through it, the largest being cm. diameter. The histology 
these metastases will connection with that the primary 

The spleen was about one and half times the size normal for the subject. 
appeared normal the naked eye. Histologically showed general con- 
gestion and well marked miliary tuberculosis. 

The pancreas showed scattered areas fat necrosis and 
infiltration the body the gland with fat. Histologically, however, 
showed noteworthy departure from the normal: the islets being numerous, 
well developed, and free from fibrosis fatty infiltration. 

kidneys: these were little enlarged: the 
right weighed oz.; the left showed notable abnormalities. 
The bladder was the seat extremely acute cystitis with 
infection the mucosa. The body the uterus was atrophic. The cervix 
uteri, however, was relatively enlarged, that the length the cervical canal 
was great that the body the organ. This enlargement was asso- 
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ciated with marked overgrowth the cervical mucous glands which 
presented quasi-cystic appearance and were filled with thick mucus: the 
appearance sections shown Plate VII, This relative pre- 
ponderance the cervical portion and its richness racemose mucous glands 
recalls the condition. The ovaries were hard, atrophic and fibrous, and 
showed complete absence corpora lutea. 

Both glands were enlarged, 
weighing gm. and the left 11°9 this represents increase 
gm. per gland over the the enlargement appeared 
due increase cortical tissue which showed evidence activity the 
shape numerous nuclei. There was some deficiency 
cortical lipoid which was patchy its distribution and was associated with 
the very unusual appearance neutral fat globules certain the cells 
(Plate VII, fig. 5). frozen stained Scharlach R., and those 
examined polarized light, was found that the distribution this fat 
was closely associated with that the anisotropic lipoid, the conjunction 
anisotropic substance and neutral fat the same cells, and their existence 
chiefly juxtaposed cells certain areas being very striking (Plate fig. 6). 
view certain common features which this case presents with those 
adrenal virilism asked Dr. Vines apply his stain for the specific 
element has described the adrenal this condition [11]. 

reported that the reaction was negative. 

The thyroid showed number small colloid adenomata, the largest being 
about em. diameter. sections the vesicles appeared rather active. 

The thymus was not persistent. 

The parathyroids were four number, average size, and showed 
histological abnormalities. 

The pituitary was much enlarged and weighed gm. expanded the 
sella which the anterior clinoid processes were enlarged and pushed 
forward. The gland appeared dark, plum-coloured, lobulated tumour, 
which was covered with thin dura mater and which transgressed beyond its 
fossa and encroached upon the intra-cranial cavity chiefly towards the right 
side. The stalk the gland was little large but appeared normal and was 
not involved the entered the tumour behind and the left 
the main mass. The general view the growth appeared situ, after 
the dura had been freed, shown the upper and right-hand drawing 
fig. The cut end the stalk shown the plane marked The key 
drawing (Plate IX, fig. shows the appearance the growth when cut 
this plane, the position the stalk, and the persistence the pars nervosa, 
which appears slightly compressed but otherwise intact. The gland also 
displays relatively well developed pars intermedia with number colloidal 
vesicles and intact pars tuberalis. 

Histologically the tumour carcinoma the anterior lobe, which 
places shows tendency columnar papillary arrangement (Plate fig. 
characters the tumour cells are definitely basophilic, this feature 
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being especially well shown sections stained with aniline blue and ponceau 
The cytoplasm 


xylidine modified Masson’s stain). 
granular. The basophilic properties are possibly slightly less pronounced than 
are those the basophil cells the normal pars anterior and the granularity 
decidedly finer and less readily visible; if, however, believe, these cells 
represent malignant overgrowth the pituitary basophil cell such departures 
from the normal are only those which would expected cells highly 
neoplastic character. Nor the cells show the hyalinization which 
Crooke has described constant feature the basophil cells the 
show the basophilic syndrome. The 


pituitary which 
conditions are not, however, necessarily comparable, none 


Fic. 7.— Drawing pituitary carcinoma. Actual size. The interior view that 
The stalk the pituitary seen opposite the arrow 


plane after removal block. 
plane 


observations were made upon malignant cells and, have already pointed 


out, the cells our case are other respects dissimilar the non-malignant 
The characters the cells are illustrated the 
coloured drawings (Plate VIII, figs. 12), which show the staining 
properties the basophilic anterior lobe cells the normal gland (fig. 10) 
area the primary growth the present case (fig. 11); and, 


contrast, acidophilic adenoma from case acromegaly (fig. 12). 
The growth other parts showed good deal and, general, 

well-developed stroma, which places forms large areas scirrhous fibrous 

tissue keeping with somewhat slowly progressing tumour. 


further feature was the presence separate areas smaller round cells 
Many these were definitely more chromophil than the 


with large nuclei. 


BELOW ABOVE 
RIGHT. LEFT. 
SIDE. SIDE. 
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large cells figured the foregoing illustrations. Their significance not 
clear, but the fact that they were seen intermingled with the larger cells 
(Plate VII, fig. 13) the main growth, and were present the liver metastases 
well, indicates their close connection with the larger type cell. The liver 
metastases VII, fig. 14) faithfully reproduced the characters the primary 
growth, the only observed difference being slightly more anaplastic type 
cell with less definitely and granular cytoplasm. 

The survival some the normal anterior pituitary elements was clearly 
seen well-preserved pars intermedia and equally well preserved and 
developed pars tuberalis which indicated the key drawing (Plate IX, fig. 
and portion which reproduced the drawing (Plate IX, fig. 15). 


study the reported cases the following composite clinical 
picture Cushing’s syndrome drawn 

(1) developing, plethoric, painful, affecting face, 
neck and trunk but sparing extremities tender supraclavicular pads. 


) 


(3) female; absent libido male; precocious 
adolescence child. 
(4) abdomen, breasts, limbs. 
ii, cyanosed facies limbs, 
iv. ACROCYANOSIS especially extremities. 
(5) and renal change. 
(6) 
(7) carbohydrate tolerance. 
(8) kyphosis and bone pains. 
(9) ASTHENIA. 
(11) Headache, nausea, vomiting, diplopia, visual defects, exoph- 
thalmos, lethargy, polyuria, polydipsia, polyphagia—occasionally seen. 


Our case showed all but one these classical features. 
was absent. may, however, point out that considerable degree 
hyperplasia red bone marrow was found. 

The duration the disease (five years) suggests that the adenoma 
the onset might have been benign and that malignant change super- 
vened later. The parts played the patient’s age, and the X-ray therapy 
determining this change, cannot adequately evaluated. 

Exact clinical differentiation the two main causes Cushing’s 
basophilism and adrenal cortical hyperactivity—is 
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probably impossible many instances the present state our 
knowledge. The skin changes and osteoporosis, which differential 
value has been ascribed, occur both conditions though less frequently 
with adrenal growths. Genital hypertrophy with virilism strong 
evidence favour adreno-cortical lesion though normal genitalia 
may accompany adrenal tumours examination, 
including pyelography and the perirenal injection air, often helpful 
demonstrating adrenal tumour normal radiogram the pituitary 


fossa does not exclude basophil adenoma. 

Cushing adduced strong evidence for ascribing the syndrome primarily 
the pituitary gland rather than the adrenal. Changes the latter 
looked upon secondary primary pituitary basophilism and the 


case record might regarded adding weight this view. 
detailed study the literature suggests that even established cases 
pituitary basophilism which are associated with adrenal growths, 
particularly where there are simple adenomata and cortical hyperplasia, 
the common sequence hyperactivity the basophil elements 
the pituitary gland producing adrenal cortical hyperactivity with 
resulting Cushing’s syndrome. present evidence 
suggest that the sequence: adrenal cortical hyperplasia pituitary 
basophilism Cushing’s syndrome isever seen. But adrenal growths 
give rise Cushing’s syndrome the absence any demonstrable 
change the basophil elements the pituitary gland, seems likely 
that the syndrome itself the expression disturbed adrenal function, 
one the causes which pituitary basophilism. present the 
relation Cushing’s syndrome which occurs the recorded diseases 
the thymus, pineal body, and sexual glands, that associated with 
lesions the pituitary and adrenal glands remains obscure but 
interest note that the two cases cancer the thymus described 
Leyton, and Bratton the suprarenal bodies were found 


autopsy exceptionally large. 


SUMMARY. 


case basophil adenocarcinoma the anterior lobe the pituitary 
with liver metastases reported, which was accompanied clinically 


the classical symptoms Cushing’s syndrome. 
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LEGENDS PLATES VII, AND IX. 


Fic, 4.—Cervix uteri showing hypertrophy the mucous glands. and 
10. 


5.—Suprarenal cortex. Certain the cells show hyperchromatic The 
appearance large fat globules notable feature. 37. 


Fic. 6.—Suprarenal cortex. Scharlach stained frozen section showing neutral fat 
black globules and clear spaces and anisotropic lipoid finer granules less intense 


black. 


Fic. 8.—-Drawing tumour (plane fig. the sagittal plane through the stalk 
the gland. Stalk. The ringed areas are those reproduced 


higher magnifications figs. and 15. 

Fic. 9.—General histology pituitary tumour. Section from the lower area marked 

Fic. pituitary showing area rich basophilic cells. 

Fic. 11.—The pituitary carcinoma the present case. typical field from section 


12.—Section acidophil adenoma from acromegalic. All stained aniline 
blue and ponceau red. 


13.—Primary growth, section from plane fig. showing large and small types 


Fic. 14.—Secondary growth the liver. Characters similar those shown fig. 13. 


15.—-Normal anterior pituitary cells all types surviving pars 
upper ringed area fig. blue and ponceau red. 
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EXTRAPYRAMIDAL ACTION FROM THE CEREBRAL 
CORTEX: MOTOR AND INHIBITORY. 


SARAH TOWER. 


(Department of Anatomy, Johns Hopkins Universit),.) 


EXPERIMENTAL PROCEDURE 
EXTRAPYRAMIDAL INHIBITORY ACTION TONE 
Posterior field for inhibitory action tone 
Anterior field for inhibitory action tone 
INHIBITION MOVEMENT 
EXTRAPYRAMIDAL ACTIVITY 
The frontal extrapyramidal motor area 
The posterior extrapyramidal motor field 
The anterior extrapyramidal motor field 
The medial extrapyramidal motor field 
The lateral extrapyramidal motor area 
The posterior extrapyramidal motor area 
The parietal extrapyramidal motor area 


CONDUCTION THROUGH THE MEDULLA 
SUMMARY 


REFERENCES 


INTRODUCTION. 


the so-called motor area the cerebral cortex has inhibitory 
well excitor action, has long been recognized. Inhibition 
integrated reciprocally with the dominant motor function, and was 
studied Sherrington example that relationship. Yet such 
inhibition may well less discrete component the total cortical 
activity than condition action segmental levels. Some earlier 
experiments Bubnoff and Heidenhain (1881) had, however, already 
demonstrated inhibitory action the part the cortex seemingly 
independent motor function. After producing contraction 
skeletal muscle cortical stimulation, these investigators then reduced 
the strength their stimulus, and from the same spot relaxed the 
residuum the contraction without further motor 
Hering and Sherrington (1897) noted that although inhibition one 
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muscle generally accompanies excitation its antagonist cortical 
stimulation, yet the relaxation the one precedes the contraction 
the other, and with weak stimulation may obtained alone. 

During the course study threshold the motor cortex 
(Tower, 1928), the author became convinced that the lowest threshold 
action the part inhibitory—not motor—whenever the presence 
background tonic contraction the musculature allows inhibition 
manifest. (Tower, 1935), severing the corticospinal tracts 
below their last large suprasegmental connection, with the pons, was 
found dissociate powerful cortical inhibitory action tonic con- 
traction the skeletal musculature from the 
spinal motor function, thus rendering the former accessible study 
ordinary technique for cortical stimulation. the 
fragments novel motor activity came into view. ‘The present 
investigation was then designed survey the full scope cortical 
extrapyramidal action thus uncovered. addition the inhibition 
tonic contraction already reported, second strong inhibition effective 
against movement has been found, together with variety motor 
activities resembling, part, those recognized extrapyramidal 
Foerster (1931) the cortex man. 

Primarily, this study deals with activity which unequivocally 
extrapyramidal—activity which obtained from the spinal cord after 
both pyramids are cut. Since the cat fibres have ever been 
described passing from the cortex the cord other than through the 
medullary pyramids, except (1901) instance gross 
anatomical anomaly, this distinction between pyramidal and extra- 
pyramidal action also that between direct cortico-segmental action 
and action upon the segmental mechanism through the intermediation 
the brain-stem. this last functional distinction rather than the 
first anatomical one, which this study dedicated. One limitation 
has been applied—the observations have concentrated somatic motor 
activity, the neglect autonomic. 


PROCEDURE. 

investigate the extrapyramidal motor and inhibitory activity 
the cerebral cortex, two lines experimentation have been followed 
the one, determine the variety such activities within the cortex 
and outline their fields; the other, trace the projection downward 
from each field search for the subcortical mechanism upon which 
the cortex acts. The experiments have been performed cats, and 
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under ether anesthesia except when decortication decerebration 
rendered this unnecessary. For the fundamental procedure—severing 
the medullary was removed 
foramen magnum high between the tympani, the dura slit, the 
basilar artery freed from the base the brain, and fine knife 
inserted down the median fissure the estimated depth the pyramids 
and turned laterally cut first one, then the other these clearly 
demarcated gross structures. Both cerebral hemispheres were widely 
exposed anteriorly, one, from the olfactory bulb the occipital 
pole. The medial surface one hemisphere was uncovered removing 
the greater part the other and slitting the falx. calvarium 
best left intact over the dorsal surface the hemisphere 
stimulated. The cortex contact with the tentorium cerebelli was 
approached gently retracting and raising the posterior pole the 
hemisphere. all the cortex except that buried sulci and the 
olfactory parts has been made accessible stimulation. Decortication 
and decerebration followed standard procedure. the end the 
experiments the animals were killed, the brains removed and hardened 
formalin, and the sites stimulation and gross extent all lesions 
determined. 

For stimulation, apparatus designed Myers (1936) was 
employed, delivering current cycle sine wave over range 
volts. Stimuli were either read directly volts, calculated 
milliamperes after measurement the inter-electrode resistance. 
routine, anal and stigmatic electrodes were employed, but each 
variety observation has been confirmed bi-polar stimulation, using 
paired concentric electrodes. general, the strength the 
stimulus was either just slightly more than threshold, maximal, and 
all data were collected terms strength stimulus. But the figures 
have little absolute significance and will largely omitted from the 
presentation. 

The observations were made either that stage ether 
simulating the decerebrate state, which the extensor 
muscles are the seat steady tonic innervation, the 
lighter stage which periods strong tonic innervation all the 
skeletal musculature alternate with periods spontaneous activity. 
the first condition the animals were usually placed back down (supine), 
with the extremities opposing gravity, which position the action 
gravity makes striking demonstration relaxation tonic extension. 
the second, the animals were supported stand with the legs 
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dependent and free, and the head sometimes free, sometimes fixed. This 
arrangement allows gravity demonstrate the relaxation tonic flexion, 
and interferes least with the development and observation motor 
activity. Decorticate and decerebrate animals were managed 
like manner, and anesthesia was sometimes dispensed with and 
sometimes continued. 

The cortical distribution extrapyramidal activity has been examined 
two groups experiments. The first was designed place extra- 
pyramidal action the pattern total cortical function. Therefore 
the cortex was first explored with the pyramids intact, both for motor 
function and for inhibition dissociable from motor function differences 
threshold distribution. One both pyramids were then cut, 
and the residual cortical activity re-examined over the lapse hours. 
Twenty-two such experiments have been successfully carried through, 
four with unilateral, eighteen with bilateral pyramid sections. The 
lesions were variously placed, the trapezoid level, low olivary 
level and splitting the decussation, effort determine whether 
not leaving intact fibres passing from the pyramids the reticular 
formation the medulla and the olives adds the demonstrable 
cortical activity. consistent differences were found. The com- 
pleteness the lesion was always verified stimulating above and 
below thecut. essential when splitting the decussation because 
either the existence uncrossed tracts, the depth which some 
the fibres cross makes functionally complete lesion attainable usually 
only with persistence. Bilateral pyramid section procedure entailing 
considerable shock and the second group experiments was designed 
minimize this. Therefore the pyramids were sectioned 
laterally, twelve bilaterally), and periods from three weeks 
year later the cortex was exposed and stimulated. experiments 
added vigour and detail the results obtained the first series but 
otherwise confirmed them. results both series will presented 
together create the picture cortical extrapyramidal action. 

Investigation the subcortical basis cortical extrapyramidal 
action has required the employment two types experiment. The 
first attempted determine the site conduction through the medulla, 
having mind the general relationships the more important descend- 
ing systems that level. ten animals, after the cortical activity had 
been thoroughly examined, the original pyramid section was extended 
one side, first deep and then laterally, approximating finally 
hemisection, and after each such extension the cortical activity was 
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re-examined. The second attempted trace, direct stimulation 
successively exposed parts, the descending cortical extrapyramidal 
activities through the cerebral white matter and into the brain-stem. 
The chronically prepared pyramid sections were utilized this study, 
and group eight crucial bilateral pyramid sections was devoted 
entirely it. Inorder verify whether not activity obtained the 
brain-stem which resembles that from the cortex arises descending 
cortical systems, intrinsic the lower levels, these latter experi- 
ments were repeated animals which the descending systems from 
from the whole the frontal lobes were degenerate bilaterally. 
two animals the peri-cruciate areas were radically excised dorsally and 
medially order remove Betz-cell cortex and the area frontalis 
agranularis, and two others the entire frontal poles were resected from 
just behind the ansate fissure dorsally, the base the olfactory tract 
ventrally. months after operation the first pair, and ten days 
the second, the residual cortex was exposed and rapidly explored, 
and the brain-stem then thoroughly examined. 

Although the procedure this experimental study has been 
examine, first, the total activity the cortex, and then extract from 
this the extrapyramidal action, the presentation the 
reverse this order. extrapyramidal activities will described 
turn, isolated phenomena. These will then related, far 
possible, one another and corticospinal action. Finally, 
summary, these elements will reconstructed form tentative and 


certainly very incomplete picture total function the cerebral cortex 
the level projection the lower motor mechanism brain-stem 
and cord. evaluating the results the experiments should 
borne mind that the use any anesthetic whatever probably gives 
systems with few synapses advantage over systems with many 
synapses which they may not possess the normal state. 
obtained must represent all cases the existence mechanism for 
action, but the results means necessarily indicate the relative 
these mechanisms normal function. all probability the 
experiments demonstrate only the simpler components the totality 


function possible the normal unanesthetized animal. 


EXTRAPYRAMIDAL INHIBITORY ACTION TONE. 


Inhibition tonic contraction the skeletal musculature 
most easily demonstrated extrapyramidal activities the cat’s 
This requires only the establishment the very steady tonic 


cortex. 
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extension the pseudo-decerebrate stage the much 
less constant tonic innervation the next lighter stage which flexion 
usually dominates. The demonstration then consists the palpable 
relaxation this tonic contraction, preferably, with the animal 
suitable posture, allowing gravity pull the relaxing extremities 
down. The inhibition can studied with the pyramids intact, when 
dissociable from motor action lower threshold different locali- 
zation, but much more easily and thoroughly examined after the 
pyramids are cut. The field for this action surrounds the cruciate fissure, 
shown fig. Repeated examination the entire surface (dorsal, 
medial and tentorial), the parietal, occipital and temporal lobes, and 
the remainder the frontal lobe has yielded trace the action 


Fic. 1.—Area for relaxation tonic contraction skeletal musculature. 
Horizontal anterior field. Vertical shading: posterior field. 


elsewhere. The gyrus proreus has received particular attention. And 
although the medial part the precruciate gyrus the base the 
gyrus proreus exercises the inhibition most strongly, the gyrus proreus 
has itself been devoid like action except its posterior millimetre 
two. Here, individual variation determines the result. 

When operating against steady tonic extension, cortical inhibition 
tone has exhibited certain general characteristics. begin with, 
unless the tone weak that diminishing all allows the leg 
collapse under its own weight, the inhibition operates—that is, the 
relaxation progresses—only during the application the stimulus. 
Thus, repeated stimulation will cause intermittent 
continued stimulation, steady relaxation. The strength the stimulus, 
pitted against the strength the tonic innervation, determines first, 
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the latency the effect, sometimes matter second, its 
rate progress third, the completeness the result and fourth, its 
duration. Escape and post-inhibitory rebound are both common 
phenomena. Cortical inhibition interacts with excitation inhibition 
other origins conventional patterns. Nociceptive stimulation (e.g. 
pinch applied the foot) sums with cortical stimulation relax 
tonic extension, whereas positive supporting reaction operates con- 
trarily. Finally, when inhibition brought into play together with 
pyramidal extrapyramidal motor action, the timing the two such 
create the impression that posture being abolished preparatory 
tomovement. And not infrequently the tonic contraction abolished 
muscles subsequently innervated the movement. 

The posterior field for inhibitory action varieties 
inhibitory action tone have been discriminated within 
cruciate area, the two partially overlapping, partially discrete fields 
fig. posterior field, vertically shaded, virtually co-extensive 
with the motor area ordinarily conceived, and with the distribution 
giant pyramids the cat’s cortex given Langworthy (1927). 
occupies the dorsal and medial post-cruciate gyrus with the exception 
the part lateral the end the fissure, and the lateral part the 
dorsal portion the pre-cruciate gyrus. This field relaxes tonic con- 
traction conformity with the accepted pattern corticospinal motor 
action, that is, the proper extremity the opposite side, and 
effective against both tonic flexion and tonic extension. After recovery 
from the shock pyramid section, and very light anesthesia, this 
inhibition integrated with the more slowly recovering extrapyramidal 
motor function the part, although the motor activity often requires 
somewhat stronger stimulation. But even so, pushed 
the stage and extrapyramidal motor activity 
suppressed, the inhibition may usually obtained alone. The inhibition 
vigorous and low threshold (0°02 milliamperes) the 
pyramids have been cut weeks months previously. But both the 
inhibition and the motor action with which associated recover 
slowly the hours following pyramid section. This behaviour and 
the striking conformity the field with Betz-cell distribution together 
suggest that these activities may represent collateral action from the 
corticospinal neurones above the level section. 

The anterior field for inhibitory action tone, horizontally shaded 
fig. occupies the medial half the dorsal part the pre-cruciate 
gyrus and extends forward, lateral the pre-sylvian sulcus far 
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the anterior end the coronal sulcus, while the medial surface 
follows the cruciate fissure the end narrowing strip. Half-way 
down the medial surface this strip has varied width different 
cats from to3 mm. the dorsal surface variation has restricted 
the field one animal the posterior half the pre-cruciate gyrus, 
while others has penetrated well forward into the gyrus proreus. 
least three animals (out thirty-six) the field has reappeared 
unmistakably posterior the cruciate fissure, once the whole medial 
surface, and twice the dorsal surface close the midline. Rioch 
and Rosenblueth’s (1935) fundamental study the activity question 
also seems exemplify such variability. The anterior inhibitory 
thus invades the territory laterally, the pre-cruciate gyrus, 
and probably also the depth the fissure, but concentrates the 
cortex anterior this. Where Langworthy has studied this cortex, 
considers area frontalis agranularis, but the medial and anterior 
prolongations the field have not been examined microscopically. 
Whether not the field laid down cortex characteristic 
cyto-architecture from end end, is, therefore, unknown. 

The anterior tone inhibiting field has one outstanding action: 
relaxes tonic extension the decerebrate type the ipsilateral 
extremities, and the head, trunk and tail. All parts the field 
operate alike this, with subdivision corresponding parts the 
body. The fore-leg the part usually most strongly affected, and may 
the only part acted upon. Contralateral action may accompany the 
ipsilateral action, but not from all parts the field alike. Thus the 
medial surface has acted contralaterally only once, the crossed hind- 
leg. the dorsal surface, the area overlap the anterior 
and posterior fields, both fore-legs are frequently relaxed together, often 
together with either both hind. This almost certainly represents 
conjoint excitation the two fields because the posterior field 
becomes ineffective during the course long experiment, the effect 
the anterior field becomes increasingly and finally entirely ipsilateral. 
final analysis, certain generality action may have accorded 
the anterior field, but ipsilateral action certainly characterizes it. 
the anterior field threshold tends always high, often double that 
the posterior field when both are simultaneously effective. The field 
little affected the shock pyramid section, and exceedingly 
resistant fatigue and exhaustion, and anesthesia, that for hour 
after hour repeated cortical stimulation its powerful inhibitory action 
may remain substantially undiminished, while all other extrapyramidal 
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action weakens and disappears. Only corticospinal action, when one 
pyramid remains intact, more viable. 

Proof lacking that two distinct mechanisms are represented 
the two fields inhibitory action thus discriminated, although the 
differences cortical localization and side action the periphery, 
susceptibility shock and exhaustion indicate that may so. 
any case, the two varieties inhibitory action tonic contraction 
ultimately meet, for ipsilateral action from one hemisphere may 
made facilitate, supplement, contralateral action the other 
hemisphere and the reverse. Thus, when maximal stimulation one 
field has incompletely relaxed tonically extended extremity, shifting 
rapidly the other field the opposite side may complete the 
relaxation. And threshold stimulation the posterior field may 
substantially reduce the usually much higher threshold the opposite 
anterior field, the second stimulation follows directly the first. 
Such inter-action has been more clear-cut for the fore-legs than for the 


hind. 


EXTRAPYRAMIDAL INHIBITION MOVEMENT. 


The cat’s cerebral cortex contains two inhibitory fields powerfully 
effective against movement, one frontal, the other the sylvian region. 
Except that the frontal field the stronger, the two have shown like 
action. This may characterized arrest movement—a positive 
phenomenon—in contradistinction mere cessation. third, and 
weaker, field present the tentorial surface the occipital lobe and 
continuous, the one hand through the gyrus fornicatus with the 
frontal field, and the other hand with the sylvian field lateral the 
rhinal fissure. These parts exert quieting influence spontaneous 
movement. Fig. shows the total field for inhibitory action 
movement its two degrees effectiveness. 

The frontal field consists the gyrus proreus its entirety, dorsal, 
lateral and medial, the adjacent ill-defined gyrus genualis, and the 
anterior part certainly the gyrus fornicatus (terminology after Winkler 
and Potter). Posteriorly overlaps the anterior tone inhibiting field, 
whereas laterally the presylvian makes boundary. 
Cyto-architecturally this cortex all much alike—thin and poorly differ- 
entiated. (1928) describes the dorsal gyrus proreus which 
examined retaining throughout life embryonic appearance. 
Campbell (1905) says his prefrontal area cell lamination 
uninteresting,” and emphasizes the poverty cells and fibres both 
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this area and the limbic area. both the internal pyramidal layer 
that best developed. 

The lateral field means clearly delimited. The action 
strongest, certainly, the anterior sylvian gyrus, but demonstrable 
always the posterior sylvian gyrus well. And from here the field 
has extended forward, upward and backward into the ectosylvian gyri, 
variable extent different animals. Indeed, traces the action 
have been obtained across the suprasylvian sulcus, the suprasylvian 
gyrus, and such cases the field has occupied all the territory between 
the anterior motor area the one hand and the posterior motor area 
the other. Evidently the activity either very widely distributed 
the cortex provided with unusual facilities for trans-cortical 


for inhibition movement, horizontally shaded. Solid shading: arrest. 
Broken shading: quieting. Stipple: field for licking and chewing. 


conduction. Whether large small, however, the lateral field exists 
independently the more strongly acting frontal field, for its action 
was quite undiminished when examined two cats ten days after 
radical resection both frontal poles. Cyto-architecturally, the lateral 
field much better differentiated than the similarly acting frontal field, 
and has very much richer fibre supply, but shows common with 
this latter the characteristic that the internal pyramidal layer the 
layer best represented. 

The occipital field has been difficult define exactly because its 
deep position the tentorial surface. The field begins where the 
occipital motor field leaves off, occupying the cortex lateral the rhinal 
fissure, and continuing back into the gyrus postsplenialis, and through 
this into the gyrus fornicatus. The upper part the field may invade 
area striata, but lies predominantly his extrarhinic and 
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limbic areas. these two the extrarhinic area the better developed, 
but both contain deep and unbroken internal pyramidal layers. 

The inhibitory action these fields has been examined against 
variety activities deliberately excited spontaneously occurring. 
Rhythmic activities with rates which may stated times per minute 
before, during and after inhibitory stimulation lend themselves best 
the study. outstanding example the sort, with the 
advantage that always present, but light stage ether 
the cat develops others—side-to-side movements the tail, 
striking, pawing, placing movements the fore-legs, diagonal 
progression, and nystagmoid oscillating movements the eves. And 
these not present spontaneously, they may frequently excited 
from the cortical motor areas with after-discharge sufticient serve the 
All these movements presenting singly combination, 


and many other random movements besides, have been slowed stopped 


stimulating one the other the fields outlined, and the 


evidence has been considered conclusive when performance which had 
been repeating regularly for perhaps one ten minutes slowed 
stopped during stimulation, and resumed again thereafter. Threshold 
volts under good conditions, although some 


with half volt ma.), but with adequate 


effect has been obtained 
stimulus the inhibition acts rapidly. The demonstration striking 
proportion the vigour the activity inhibited. Thus running 
alternate striking movements the fore-legs may brought 
abrupt halt—eyes front, head raised, back and tail straight, legs extended 
semi-flexed, and held thus for perhaps minute. And this assump- 


tion attitude gives the action these fields when maximum 
effect appears merely one quieting the animal, when head, tail, 


and extremities all droop. may show this quieting influence 


almost the stage surgical anesthesia. 
respiration, the effect takes various courses. Breathing may 
become rapid and shallow and then cease, slow and full, slow and 


shallow, and then cease; may cease abruptly or, most commonly, 
merely slows but does not stop all. continued stimulation 
the frontal field respiration has been held arrest for maximum 
twenty-eight seconds, but usually escapes much sooner. 
tion may resume either rapid shallow rhythm, forcibly, gasp. 
the inhibitory stimulation removed while inhibition still effective, 
forcible resumption increased rate and depth the rule—a form 
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post-inhibitory rebound. The frontal field far exceeds the lateral field 
the strength and certainty effect respiration. 

Against patterns movement the extremities and tail the frontal 
and sylvian fields are almost equally effective. Inhibition may 
transitory permanent. The activity may escape from inhibition; 
resume release from inhibition with increased rate and vigour; 
recover only slowly during many seconds; not resume all. 
general, the more vigorous the performance, the less enduring the 
inhibition, and the more certain the resumption rebound. Running, 
for instance, rarely held suspense long, whereas leisurely side-to- 
side movements the tail which have been repeating once two 
three seconds for half hour more, may suspended indefinitely. 
Movements which are the after-discharge cortical stimulation are 
easily stopped but never resume all. When cortical stimulation 
slows, but does not arrest movement, rate and amplitude may, 
the case respiration, differently affected. Thus movements the 
eye-ball tend become rapid and smaller amplitude, whereas rate and 
scope usually diminish together movements the extremities and tail. 

The Vogts’ observation monkeys (1919), that rhythmic mastica- 
tion excited from their field could denervated inhibited 
stimulating forward their area further forward still, has been 
duplicated the cat. chewing and licking may set 
train stimulating lateral the presylvian sulcus (fig. 2), and then 
brought halt shifting the electrode across the sulcus the 
gyrus proreus. But such movements cannot started medial, nor 
stopped lateral this sulcus. They have also been stopped from the 
sylvian field, but the action the occipital field this respect has not 
been examined. 

The action these fields primarily movement—movement 
any variety, random rhythmic. Against tonic contraction the 
musculature they are ineffective. which either precede, are 
the immediate remainder of, movement may abolished, but steady 
tonic innervation such the extension the pseudo-decerebrate state 
quite unaffected. Indeed, the orientation the front which accom- 
panies action these fields maximum involves strong tonic 
innervation, either tonic extension tonic innervation all the 
musculature producing semi-flexion, and suggests reversion control 
the tone producing mechanism when movement arrested. Thus 
these fields appear operate—not stop activity muscle—but 
stop the processes leading motor discharge patterns movement. 
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Although the action these fields has been described though 
represented unit mechanism, this means certain. dis- 
tinction should, perhaps, made between action respiration and 
action the complexly patterned movements the extremities. 
the frontal field the latter effect has been restricted the gyrus 
proreus, whereas inhibition respiration has been obtained several 
times from the pre-cruciate gyrus out the lateral end the cruciate 
fissure, territory yielding the same time motor activity the 
extremities. more important distinction should probably made 
case, the former belongs the gyrus proreus and the anterior sylvian 
gyrus, and makes the action these parts outstanding. The latter is, 
then, the widespread action—so widespread that even the motor fields 
have seemed possess when chance their motor functions were 
abeyance. fact the only cortex which has not some time 
yielded this quieting influence has been that part the striate area 
along the crest and the medial surface the hemisphere, the 


post-lateral, suprasplenial and splenial gyri. 


Activity. 

The motor activity obtained from the cat’s cerebral cortex after both 
pyramids are cut, differs fundamentally from the simple phasic result 
corticospinal stimulation obtained either from the cortex 
surgical anesthesia, from the distal end cut pyramid any 
state. This latter and unquestionably corticospinal action simple 
crossed movement, usually flexion, but sometimes, especially the 
decerebrate animal, extension. appears without delay, sustained 
for the duration the stimulation this not too long, and shows 
progressive elaboration and appreciable after-discharge. the 
pyramids hind-leg action has lower threshold than fore-leg action, 
probably because the hind-leg fibres lie superficially and those the 
fore-leg deeper (McKibben and Wheelis, 1932). Distal limb-segments 
usually have lower threshold than proximal. Pitted against active 
tonic extension the extremities, stimulation the pyramids will 
abolish this favour active flexion, and threshold stimulation may 
break tonus into clonus without producing flexion. But relaxation 
not obtained from the pyramids unaccompanied motor action, 
from the cortex. Therefore, although reciprocal inhibition must almost 
certainly enter into corticospinal action property the segmental 
mechanism upon which the corticospinal system must act, inde- 
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pendent inhibitory action can present ascribed the system. 
motor system the simplest sort. 

contrast with the simplicity and predictability corticospinal 
action, extrapyramidal motor action complex and unpredictable. 
begins show first light pseudo-decerebrate stage 
and augments complexity and variety with each lighter stage. 
extremely susceptible shock and interference with cerebral circu- 
lation, and appears commonly fragmentary fashion only. But even 
these fragments are complex synergic movements, and the fully 
developed movements may become well integrated and significant acts. 
further contrast with corticospinal action, the extrapyramidal motor 
response slow appear, builds slowly and tends outlast the 
stimulation rhythmically repeating movement for seconds, 
indefinitely. accelerates and the tail 
becomes active whenever any extrapyramidal motor activity reaches 
certain intensity, without giving evidence more specific localization. 

Cortical extrapyramidal action gives rise bewildering variety 
and complexity effects which only the more characteristic and 
‘constantly recurring can described. Differences surface localiza- 
tion the different activities have yielded insight into the total one 
sort, and differential another sort. Just the 
intact animal, corticospinal function may almost certainly freed 
all recognized extrapyramidal function pushing anesthesia the 
point muscular relaxation, so, too, with the pyramids cut, basic group 
extrapyramidal motor reactions may dissociated from the acts 
into which they are incorporated by, were, decorticating 
decerebrating the animal with ether. such analysis, the extra- 
pyramidal motor activities, with one exception, have appeared 
organized stages, possibly representing successively higher levels 
projection into the brain-stem. First emerge with lightening 
more discoverable teleological significance than pertains cortico- 
spinal movement. This sustained for brief time, and then 
spite continued stimulation, relaxes. With lighter anesthesia, 
however, this primary movement may terminate, not relaxation, 
but second movement, almost its opposite, the whole constituting 
sequence whose utility begins apparent. The other extremities 
and the body musculature will now tonically innervated appro- 
priate pattern. With somewhat lighter anesthesia this sequence may 
begin, first repeat the one extremity, and then toalternate between 
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two homologous contralateral extremities until finally the whole 
performance emerges. And with lighter anesthesia still, the same 
performance frequently spontaneous. Extrapyramidal motor 
activity has been obtained from four areas the surface the cat’s 
cortex, one frontal, second almost contiguous with this, lateral, 
third, parietal, and fourth, far removed the occipital pole. 

The frontal extrapyramidal motor area presents three fields 
action, which will designated, from their location, anterior, medial, 
and posterior. They are shown fig. Two these fields 
primary movement characteristic form, which may elaborated 
into performance unmistakable purposive and emotional signifi- 
cance, whereas the third has yielded asimple movement only. All three 


Fic. extrapyramidal motor area. Horizontal anterior field. 
Vertical shading posterior field. Diagonal shading: medial field. 


fields overlap the precruciate gyrus, and are considered—not 
subdivisions the cortical area—but functional units. the 
fields are homogeneous throughout, all parts yielding the same activity, 
though not with equal intensity. remaining field subdivided 
into fore- and hind-leg territory. When any two these fields are 
active the same animal the same time, they may brought into 
competition for the final motor mechanism the region overlap 
with results which support the concept their independence. 

The posterior extrapyramidal motor field co-extensive with the 
posterior tone-inhibiting field, the two forming integrated whole. 
Together, they also appear co-extensive with the area dis- 
tribution giant pyramids the cortex (Langworthy, 1927). Certainly 
they show the subdivision into fore- and hind-leg territory ascribed 
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that field. The hind-leg territory stretches from end end the 
cruciate fissure, lying behind it. The fore-leg territory takes the 
lateral two-thirds the pre-cruciate gyrus and the lateral corner the 
post. Both avoid Langworthy’s area which consistent with his 
description this cortex cyto-architecturally sensory projection 
area, and not motor. 

The primary movement obtained from this large field usually 
flexor synergy the proper crossed extremity, from which, with 
lightening anesthesia, either diagonal progression performance 
called pleasure reaction may develop. The flexion appears 
first wrist, ankle, and digits, and may limited these the 
stimulus minimal the animal poorly excitable. Otherwise 
recruits turn, elbow and shoulder, knee and hip, and brings the 
extremity under the body tight flexion, thrusting hip shoulder 
high above the back. The claws are extruded and rolled into the 
tightly balled paw. Sometimes flexion preceded briefly extension 
wrist and digits, especially the leg already tonic flexion. And 
abduction the fifth digit has often been dissociated the lowest 
threshold element this preponderantly flexor reaction. continued 
stimulation, the flexion and retraction may maintained for perhaps 
half minute, after which they either relax proceed reverse. 
Reversal undoes the original sequence direction and order, and 
the same leisurely tempo which characterized the original. Thus 
flexion all joints from the distal the proximal ending retraction, 
succeeded protraction and extension all joints from the 
proximal the distal, ending fanning the toes. The claws are 
extruded throughout. this stage, not before, the ipsilateral 
homologous extremity usually tonically extended. The primary 
movement and the reverse movement constitute cycle which may 
repeat rhythmically, continued stimulation, almost indefinitely. The 
rhythmic process may involve less than the total extremity, which 
case the omitted segments are always proximal. The next phase 
development produces alternate action between two more extremities, 
and differs somewhat according the performance emerging. 

the development progression rhythmic action usually accelerates 
until all the joints are involved rapid sequence together, and the 
ipsilateral homologous extremity and the remaining extremity the 
contralateral side are tonically extended and retracted. Alternation 
may begin either between two homologous extremities between the 
two contralateral extremities, but usually these three are quickly brought 
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in, and the fourth tardily. progression gets under way flexor and 
extensor phases pattern follow unaccented rhythm unless 
superimposed background strong tonic extension. beat 
may become apparent, the flexor phase being slow, the extensor, fast 
thrust. Very occasionally, the hind-leg portion the field 
excitable then the fore, after period stimulation the fore, 
stimulation the hind-leg territory has initiated progression the 
crossed fore-leg, but usually the distinction between the two parts the 
field clear-cut, and each starts progression the proper crossed 
extremity. 

The pleasure involves primarily only the fore-leg, and 
obtained only fore-leg territory facilitation avoided. 
characterized even primary movement the crossed fore-leg 
great deliberateness. ipsilateral fore-leg first tonically extended, 
and then commences the deliberate sequence, but exactly out phase 
with the original. hind-legs may tonically extended semi- 
flexed, but not otherwise participate. soon the fore-legs 
commence alternate action, the total activity unmistakably one 
the commonest performances the intact animal, used kittens 
nursing, and retained adult cats concomitant pleasurable 
excitement. 

The deliberateness this pleasure has permitted careful 
examination the conditions under which operates manner not 
possible with other more violent extrapyramidal motor performances. 
begin with, the pyramids being cut, all parts the field produce the 
same movement any given time, except where competing fields overlap, 
but threshold and intensity action may not the same throughout. 
The lowest threshold, most strongly acting part lies just anterior and 
lateral the lateral end the cruciate fissure. Although the primary 
synergic movement appears always the crossed fore extremity, when 
the stage alternation reached, action started from point one 
field may kept stimulating any point that the opposite 
field without interrupting the sequence. Moreover, when stimulation 
discontinued, for brief time after activity has ceased, renewed 
stimulation either the original point any other point the 
same field either cortex may cause the sequence resume where 
left off and continue, without respect the side stimulated. But 
the interval has been too long, starts again the proper crossed 
extremity. Finally, the light essential the complete 
performance, passive flexion the extended paw, extension the 
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flexed paw may act does cortical stimulation excite and sustain the 
integrated sequence. And just lighter anesthesia the act becomes 


spontaneous. 
The posterior extrapyramidal motor field has also yielded second 


primary movement, extension and retraction, activating from fore-leg 
territory the crossed fore-leg, and from hind-leg territory the crossed 
both hind-legs. Stimulating newly exposed field, after interval 
rest, particularly prone yield such extension, which replaced 
flexion repeated stimulation. This primary movement has never 
developed further. 

Progression and the pleasure reaction have been the only two 
recognizable acts obtained from the posterior extrapyramidal motor 
field. Under the conditions experiment, the intact animal, they 
have been mutually exclusive. When progression presents, 
elicitable from the entire field. When the pleasure reaction presents 
from fore-leg territory, the hind-leg territory has been without action. 
The virtual identity the synergic movements primary the two 
suggest that basically they depend upon the same subcortical projection, 
but how the difference enters then presents problem. 

The anterior extrapyramidal motor field not confined recognized 
cyto-architectural divisions the motor area. occupies the medial 
half the pre-cruciate gyrus and extends forward lateral the 
presylvian sulcus expand over the anterolateral surface the brain. 
The lowest threshold, most consistently active part this field lies just 
lateral the posterior end the presylvian sulcus, where, perhaps, 
this field has the benefit some summation action with the posterior 
field. However, the portions the field stretching forward across the 
coronal and orbital gyri have been effective two months after radical 
removal the entire peri-cruciate region that the field outlined 
fig. represents projected action, and not transcortical conduction 
low threshold pre-cruciate part. With the peri-cruciate cortex situ, 
the field usually acts primarily the crossed fore-leg, producing, 
simultaneously, protraction the shoulder with without abduction, 
half flexion the elbow with pronation supination, extension the 
wrist, and extension, followed almost once flexion the digits. 
The claws are usually extruded. Thus the paw brought beside 
the face over the head non-sequential movement. However, 
when region has been removed, leaving only the 
anterior part the field, action has been primary the crossed hind- 
leg almost often the fore. The hind-leg then brought 
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alongside the flank corresponding movement. This field usually 
becomes active only quite light and the primary movement 
rarely appears without the full performance following. 

Alternation starts abruptly; the protracted and flexed leg breaks 
into extension and retraction, giving the whole performance its 
outstanding characteristic—a beat. The ipsilateral fore-leg extended, 
and may begin alternate with the other. The hind-legs are extended 
semiflexed, back humped, tail active, respiration accelerated. 
the animal may begin The frontal adversive field lies partly 
within the field this activity, and the performance usually, but not 
always, accompanied deviation eyes, head and body away. When 
well developed, the movement repeats times per minute. The 
activity this field has presented several variants different purposive 
and emotional qualities. Thus when the movement executed swiftly, 
with the claws out, either full pronation partial abduction, 
supination and adduction, best characterized striking, or, after 
Ward and Clark (1936), batting. This its most common appear- 
ance. other hand, executed somewhat more deliberately, with 
claws often sheathed, the reaction has the appearance placing. And 
is, perhaps, significant that pressure brought bear the paw- 
pads bringing the palm the hand beneath them, the reaction 
stops once, unless the animal excessively active, and succeeded 
positive supporting reaction, whereas pressure similarly exerted 
during the course the pleasure reaction has such effect. 

The progression obtained from this anterior motor field presents 
problem should differentiated from the progression obtained 
the posterior field, not? the anterior field the onset tends 
precipitate, the posterior field, deliberate, but the subcortical 
mechanism activated must much the same both cases. The 
anterior field does not necessarily operate through the posterior, for 
the two animals which the peri-cruciate cortex had been removed two 
months before, stimulation that part the anterior field remaining, 
precipitated running. Possibly diagonal progression unit mechanism 
distributed over both posterior fields, but variously modified 
the two fields other activities therein localized. 

this anterior field and the posterior field are simultaneously and 
about equally active, stimulation the region overlap produces 
characteristic result. Usually the pattern the posterior field 
dominates, and the tempo the anterior. Thus the deliberate flexor 
synergy the posterior field may obtained with the tempo and beat 
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striking. shift millimetre two either direction from the 
region compromise throws the response completely one way the 
other. 

The medial extrapyramidal motor field has been the most difficult 
all the extrapyramidal motor fields study. becomes excitable 
only under the very best experimental conditions, and exceedingly 
light anesthesia. Its dorsal extent overlapped, and usually obscured, 
the anterior field, and only the chance inexcitability the anterior 
field together with the frontal adversive mechanism three animals, 
has exposed the medial field thorough examination. However, the 
presence primarily ipsilateral motor effect from the dorso-medial 
part the pre-cruciate gyrus was early recognized, and gradually 
evidence has accumulated sufficient define the field and characterize 
its action. 

The medial extrapyramidal motor field lies just anterior the 
cruciate sulcus from end end, shown fig. and restricted 
the pre-cruciate gyrus. Although this field has not extended forward 
lateral the sulcus presylvius with the ipsilateral tone inhibiting field, 
activity none the less complements that the inhibitory field remark- 
ably, except for enormous discrepancy excitability the two. 
But just this difference excitability may restrict the extent the 
motor field demonstrable, which case motor and inhibitory action 
may have the same relationship here the posterior field. The field 
produces, ipsilaterally, steady tonic flexion, adduction and supination 
the fore-leg, with without flexion and adduction the hind. The 
claws are out. the extremities may 
extended, retracted and abducted, especially from the medial surface 
where there conflict with other primarily contralateral fields. 
they may flexed, one both. Usually the tail deviated and the 
trunk ventrally flexed and concave the side stimulated. And the 
frontal adversive field, which borders the field question anteriorly, is, 
chance, inactive, the head also bent the side stimulated. 
continued stimulation the tonic innervation steadily maintained, often 
for half minute more, but has never shown any tendency 
reverse develop further. Stimulating the region overlap 
this medial field with the lateral field makes striking demonstration 
the difference the flexor synergies the two, for the crossed fore- 
leg comes under the body pronation, the ipsilateral across the 


chest supination. 


The lateral extrapyramidal motor area curiously small and 
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isolated, lying the inferior part the anterior ectosylvian gyrus 
shown fig. not very often active, but such animals have 
exhibited it, the field has been sharply outlined and threshold fairly 
low. The activity exceedingly susceptible the shock acute 
bilateral pyramid section and very moderate loss blood, indicating, 
probably, that the subcortical projection small volume. the 
other hand, large scope, for this small area has reproduced all 
but one the complex activities made familiar the frontal area, and 
for this reason has been accorded the status independent area. 
The field yields its most common response the pattern synergic 
flexion the crossed fore-leg which brings that leg under the body 


Fic. 4.— Lateral and posterior extrapyramidal motor horizontally shaded. 
Adversive fields diagonally shaded. 


pronation with the claws out. The movement then reverses and 
becomes rhythmic the one leg, but has only once gone alternate 
between the two fore-legs, this instance the unmistakable pattern 
the pleasure reaction. Both hind-legs were then retracted and semi- 
extended. this same field produced excellent movements 
placing the crossed fore-leg, repeating these repeated stimulation. 
this animal the peri-cruciate cortex had been removed, but the 
pyramids were intact. two the series chronic bilateral pyramid 
sections the response from this lateral area was primarily ipsilateral, 
producing flexion and supination the fore-leg with the claws out, with 
head, body and tail concave the side stimulated. The contralateral 
fore-leg was one case extended and abducted, and the other flexed. 
one occasion the crossed fore-leg executed vigorous striking motions, 
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while the ipsilateral fore-leg was flexed across the chest. The field has 
had uncommonly strong accelerating action respiration, twice 
without other visible effect. And the tail set into motion accelerated 
spontaneous motion readily. Only progression has been wanting 
complete the total effect cortical extrapyramidal action. Because 
the manner which this lateral area reproduces the activities the 
frontal fields, continuity between the two has been persistently sought, 
but the lateral area has always seemed detached, although variety 
activities utilizing the cranial nerves may fill the gap. This small and 
infrequently active lateral area appears, therefore, constitute discrete 
field for cortical extrapyramidal action, but the significance extra- 
pyramidal motor area the site remains obscure. 

The posterior extrapyramidal motor area the cat’s cortex probably 
represents conjunction the occipital and temporal motor fields 
primates. occupies the posterior part the gyrus suprasylvius 
medius and the whole gyrus suprasylvius posterior, passing thence 
the tentorial surface. The field shown fig. lies between the 
sensory receptive field for sight above and that for hearing below this 
latter localized low the gyrus ectosylvius posterior generally 
believed. Primarily this field for orientation, with adversion the 
eyes the usual threshold reaction the upper part, and pricking 
both ears below. Other variants such upward downward move- 
ments the eyes are also obtained, and other movements the facial 
musculature such closure the eyes and ipsilateral whisker movements. 
Barris (1936), has located pupillo-constrictor centre within it. Action 
extrinsic intrinsic ocular musculature facial musculature has 
place the present study, although head adversion comes within its 
scope. But the movements the extremities which this cortex yields 
occasionally, and the radiations beneath fairly consistently, are typical 
examples extrapyramidal motor action. 

This posterior motor area, like the lateral area, effective only under 
the best experimental conditions, and rarely comes through acute 
bilateral pyramid section active state. This true lesser 
degree even the adversive activity eyes and ears. After chronic 
bilateral pyramid section the field acts substantially does with the 
pyramids intact. The field has reproduced, one time another, all 
the actions described from the frontal area, although whole acts tend 
appear rather than the primary movements. Striking placement 
the crossed fore-leg the most frequent these responses, with 
diagonal progression second. Both patterns synergic flexion, pro- 
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nation and supination, have developed ipsilaterally. one occasion 
ipsilateral flexion pronation proceeded, first reverse the one 
fore-leg, and then alternate between the fore-legs, curiously 
violent version the pleasure The field has had the usual 
accelerating effect respiration and spontaneous movement the 
tail, even the absence all other visible action from the field, 
including adversion. Within the posterior motor area action the 
extremities stronger posteriorly, along the posterior edge the 
hemisphere, whereas adversion stronger the gyrus suprasylvius 
medius and the upper part the gyrus suprasylvius posterior, indicating 
some degree specialization within the area. But the several patterns 
response the extremities not concentrate separately, the 
case the frontal area. This posterior extrapyramidal motor area 
appears, therefore, like the lateral area, compound field, capable 
producing from all parts alike the full range recognized extra- 
pyramidal motor action. But here the obvious association with the 
adjacent sensory receptive fields for sight and probably for hearing lends 
significance the location motor area the site. 

The parietal extrapyramidal motor area also small area, lying 
just behind the ansate fissure (fig. primarily adversive field, 
but not par with either the frontal the occipital adversive fields. 
unstable and unpredictable. Most frequently rotates the head 
the long axis face away from the stimulation, but has also 
deviated the eyes up, down and away. Occasionally accelerates 
respiration, and once the crossed fore-leg executed unmistakable 
movement placing. This field incontinuity both with the hind-leg 
with the ear field the coronal and suprasylvian gyri, and may, 
perhaps, integral part the total frontal motor area. But 
also reminiscent the parietal motor fields located the Vogts (1919) 
and Foerster (1931) the crest the hemisphere monkeys 


and man. 


This concludes the description cortical extrapyramidal action 
presented from the point view the most complete performance 
obtainable well-defined field. For motor activity, however, the 
complete performance the exception rather than the rule. Thus the 
pleasure reaction has presented its entirety only eight animals out 
forty about half the series have yielded diagonal progression about 
three-fourths, striking placing activity, while ipsilateral action has 
developed into significant performance only once. The inhibitory 
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activities have been more reliable. The anterior tone inhibiting field 
has been fully active all but two animals; the posterior, excitable 
some degree almost all. And after the inhibitory action move- 
ment was recognized and routinely investigated, this never failed 
demonstrable, least against respiration other recurring activity 
was available for the study. single animal has ever presented the 
totality the cortical extrapyramidal activity described, and the factors 
which determine what shall appear and what shall not, are largely 
obscure. is, however, fair assumption that they derive from un- 
favourable experimental conditions, and sum total cortical 
extrapyramidal action put together from all the experiments, represents 
certainly probably very much less, than the possibilities for 
cortical extrapyramidal action possessed every intact cat. 


Each the extrapyramidal activities located the cat’s cerebral 
cortex represents direct projection the subcortical mechanism, for 
each has been obtained equally well, and usually more strongly, from 
the white matter beneath its cortical field and from the internal capsule. 
concentration fibres from large area cortex into small com- 
pass the radiations probably underlies the stronger action these 
parts. Starting from the cortex, the extrapyramidal activities have been 
traced electrical stimulation the decorticate preparation, through 
the cerebral white matter and into the internal capsule where they are 
spread out orderly array. Shelling out the head and body the 
caudate nucleus expose the capsular arrangement makes noticeable 
subtraction from the total. Their further course has been sought 
stimulating the cut surface successively more posterior transections 
the brain-stem, but the transition from mid-brain thalamus the 
activities largely disappear from the pes pedunculi, and similar activities 
picked other parts prove intrinsic the brain-stem. 
Inhibitory action tone may brought bear full force 
tonic extension the ipsilateral extremities from the anterior limb 
the internal capsule, but below this nothing comparable clarity and 
strength with the cortical action has been demonstrable. Stimulation 
the pes pedunculi has usually been without any inhibitory action, 
although occasionally has had transitory effect. Then tonic 
extension was relaxed ipsilaterally from the most mesial part, and 
perhaps bilaterally over larger extent. Crucially prepared and 
chronically prepared pyramid sections have been alike this uncertainty 
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action. Inhibitory action tonic contraction has been sought from 
the ventricular surfaces the caudate nucleus, thalamus and hypo- 
thalamus, and from the tectum the mid-brain without result, but the 
tegmentum may yield it. This happens when hemorrhage 
exhaustion has rendered motor activity inexcitable raised its threshold. 
motor activity deliberately suppressed careful 
while steady tonic extension conserved, powerful inhibitory action 
the tonic extension freed from the motor “tegmental reaction 
with which ordinarily integrated, and becomes readily demonstrable. 
The dissociated inhibition, like the tegmental motor reaction, has 
exceedingly low threshold, often less than volt. The effect pre- 
dominantly ipsilateral and the fore-leg. abrupt and enduring 
such that decerebrate rigidity, which is, were, wiped out, may 
require half minute more recover. Thus reproduces, only 
more strongly and lower threshold, the inhibitory action tone 
the anterior cortical field. But the action persists full force when 
the systems descending from this cortex, and indeed, from the entire 
frontal lobe are degenerated, and depends, therefore, upon structure 
intrinsic the brain-stem. Whether not this brain-stem mechanism 
serves cortical inhibition relay, beyond determination from the 


evidence hand. 
Inhibitory action movement has been followed from the frontal 


region the brain into the anterior limb the internal capsule, and 
from the occipital and sylvian regions into the lateral end the forming 
crus cerebri between the thalamus above and medially and the lentiform 
complex below. the brain-stem behind the thalamus 
abolishes the sustained rhythmic activities which its demonstration 
depends, and thus prevents fuither pursuit, except the effect 
respiration. Like action, except for the effect respiration, has some- 
times been obtained weakly from the head the caudate nucleus, and 
strongly from the lentiform complex, especially from the outer segment 
the globus pallidus, and with stimuli too weak excite the motor 
tone inhibiting systems descending through the internal capsule. Since 
one the terminals subcortical projection from the regions 
question the striatum, three possibilities may underlie this result. 
The stimulating current may spread excite system descending the 
capsule. such descending system may excited antidromically, 
through collaterals into the striatum. proper striate action may 
here evidence. Inhibitory action respiration has twice been 
obtained from the medial tip the pes pedunculi, and both instances 
all the cortex yielding this action was place. 
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The extrapyramidal motor activities are disposed around the head 
the caudate nucleus, the junction corona radiata and capsule, 
the following order: Ipsilateral fore-leg flexion medially; striking 
placing and adversion the anterior end contralateral fore-leg flexion 
followed contralateral hind-leg flexion the anterolateral border, 
and after interval, the juncture body and tail, adversion again, 
with striking placement, the ipsilateral flexor synergy. Progression 
easily obtained from the capsule; and the pleasure reaction has 
developed twice, once out contralateral fore-leg flexion lateral the 
head the caudate, once out ipsilateral fore-leg flexion excited 
mesially. This latter instance noteworthy because the medial extra- 
pyramidal motor field from which the fibres here excited almost certainly 
derive, has never yielded more than the primary movement. the 
totally decorticate and unanesthetized animal the reaction striking 
obtained from the anterior limb becomes unmistakable rage reaction. 
Between the thalamus and the mid-brain, however, all this variety 
motor activity disappears from the pes, except for occasional and 
ephemeral flexion-protraction extension sequence from the most medial 
part. The tegmentum thalamus and mid-brain together yield all the 
patterns cortical extrapyramidal action, but equally well whether the 
descending cortical systems intact degenerated. Again, therefore, 
the brain-stem response depends upon intrinsic brain-stem structure, 
which may may not the structure upon which the cortex acts. 

analyse the brain-stem motor mechanism outside the scope 
the present study, but several generalizations from the mass data 
accumulated are needed for discussion later. the first place, the 
complicated performances unmistakable significance, such 
gression, the pleasure reaction, striking and placing, have been obtained 
well-integrated acts only with level section which conserves 
the posterior part the hypothalamus and the greater part the 
ventral thalamus and subthalamus. The dorsal level transection 
immaterial. the other hand, all the movements described primary 
these performances have been obtained specific regions the 
mid-brain. And continued stimulation these may reverse, and even 
alternate haltingly, although the act its perfection integration 
not produced. With successively more posterior brain-stem transections, 
the primary postural quality the movements produced intensifies, 
and the rhythmic element weakens. 

The endeavour track down and analyse the subcortical basis 
cortical extrapyramidal action has been fruitful largely showing the 
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difficulties the way such study. The virtual inactivity the 
peduncles has been quite unacceptable view the fact that Weed 
(1914) has described ipsilateral inhibitory action their mesial 
fraction, which almost certainly that the anterior tone inhibiting 
field, and Warner and Olmsted (1923) contralateral inhibitory action 
which may that from the posterior field. Throughout the mid-brain 
the complex, unstable and highly variable motor activity the 
tegmentum contrasts strikingly with the meagre activity the peduncles, 
yet these contain the largest intact descending cortical systems, those 
the pons. Surely peduncles, pons and cerebellum must participate 
cortical extrapyramidal motor action, but the manner this 
participation must left future experimentation. 


MEDULLA. 


CONDUCTION THROUGH THE 


The attempt determine the site the conduction through the 
medulla the cortical activities which survive pyramid section, was 
undertaken both control the possibility that aberrant pyramidal 
fascicles which escaped the lesion were involved, and with the location 
the more important descending extrapyramidal pathways mind. 
the lesion the trapezoid level deep and laterally, tripling 
its cross-sectioned area, made further inroad upon cortical function. 
Projecting the lesion deep along the mid-line within millimetre 
the floor the 4th ventricle also had appreciable further effect. 
But extending this deep midline lesion laterally, through the central 
part the tegmentum and into its ventrolateral angle, weakened 
abolished the inhibitory action either cortex upon tonic extension 
the extremities that side, and greatly reduced the cortical motor 
activity. these lateral sections penetrate directly the trapezoid 
level, are directed somewhat cephalad, and they not penetrate 
the fourth ventricle, tonic extension will remain sufficient serve the 
examination, and sometimes even greater intensity 
Sections which penetrate the ventricle, sections placed below the 
trapezoid level usually increase tonic extension the contralateral legs, 
but produce the legs the same tonic flexion which likewise 
not relaxed from the cortex. Through all these procedures the action 
either cerebral cortex upon the extremities opposite the medullary 
lesion remained essentially before. medullary level, therefore, 
the extrapyramidal activity cortical origin has very large part its 
final relationship the same side the body, contradistinction 
pyramidal activity which has yet tocross. Furthermore the lateral part 
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the tegmentum appears play larger role extrapyramidal 
conduction than does the medial part. More than this cannot said. 


DISCUSSION. 


Cortical extrapyramidal function has, were, 
co-ordinates distributed horizontally over the surface the cortex 
and projected vertically into the brain-stem. anatomical 
structure which the framework this likewise has surface 
and projected aspects. Unfortunately the analysis this structure 
requires the application two techniques: cyto-architectural study 
the cortex and study fibre degeneration into lower levels and one 
individual has, far, applied the two adequately the analysis any 
part the cat’s cortex, far less the whole. Scattered information 
both aspects structure has, however, been collected from the literature, 
and will put together illustrate both what may surmised the 
relationship between structure and function cortical extrapyramidal 
action, and what still remains entirely obscure. 

the frontal region where the cyto-architecture the cortex has 
been most studied, certain the extrapyramidal activities lodge 
unmistakably distinct formations. Thus each the major sub- 
divisions this region, the area giant pyramids, the area frontalis 
agranularis and the prefrontal region, has its characteristic 
action, although broad zones overlap prohibit too sharp distinction. 
the other hand the last these fields matched this action 
another field the sylvian region, yet structure the two are quite 
dissimilar. such case the complexities cyto-architecture may 
very well conceal common structural element which underlies the like 
action, and dissimilar features support other aspects function not 
possessed common the two. Study subcortical projection 
more likely disclose the common structural element. 

The extrapyramidal motor fields again illustrate the tendency for 
structural distinctions conform with functional distinctions. Figs. 
and show the cranial and extrapyramidal motor areas the cat’s 
brain;-and Brodmann’s (1905) map the area gigantopyramidalis 
the cat. The correspondence striking. Unhappily Brodmann has 
nowhere published descriptions pictures the material from which 
this map was drawn illustrate the meaning the term giganto- 
Obviously since the field contains the centres for 
rhythmic licking and chewing and the frontal adversive field, the area 
not homologous with his Area primates. Most likely takes 
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all the cortex with motor characteristics the frontal region. Within 
this large field certain the known structural entities correspond 
further with localized components function. Thus, that part the 
peri-cruciate area which probably homologous with the primate 
Area yields characteristic extrapyramidal motor activity which 
conforms with the usual allocation the area fore and hind-legs. 


Fic. (1905) map the area gigantopyramidalis the cat. 


And the medial extrapyramidal motor field would, perhaps, lie within 
the area frontalis agranularis were this fully known. 

The placement the extrapyramidal fields the cortex not 
haphazard. All the relatively undifferentiated cortex given over 
the function inhibiting movement, which suggests that this function 
not only widespread, but also very primitive. The field for this 
activity encircles the hemisphere its medial aspect, spreads 
the tentorial surface the hemisphere, and extends thence laterally 
along the rhinal fissure, reappear both sides the sylvian fissure 


- 
Fic. 5,—Total cranial and extrapyramidal motor areas the cat’s cerebral cortex. 
A 
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the very strongly acting lateral field. Here high degree 
architectural differentiation proves that this function does not necessarily 
lodge undifferentiated cortex. Within the circle this inhibitory 
function three fields sensory reception are recognized, for general 
somatic sensibility, for sight and for hearing. The two largest motor 
areas lie conjunction with these. Both fields produce the same 
range extrapyramidal motor action, though not equal strength, 
which may represent simply access the entirety the brain-stem 
motor mechanism. The frontal motor area develops addition 
unique motor system, the corticospinal. And the inhibitory mechanisms 
effective against tonic contraction are either localized exclusively here, 
represented only here sufficient strength dissociated from 
motor function. The placement the small lateral extrapyramidal motor 
field without obvious significance. 

For its action upon the brain-stem the cortical extrapyramidal 
function has available anatomical structure great complexity, put 
together, apparently, the principle that each cortical area shall 
connected with many subcortical levels. Thus the variable complexity 
action which conspicuous feature the mechanism action 
may provided for, the multiple functions which are localized 
any one region cortex may each find separate subcortical projection. 
Unfortunately, few the studies Marchi degeneration from cortical 
lesions the cat qualify the complete study the subcortical projec- 
tion cortical area which structurally functionally aunit. 
the cortical destruction was widespread, Probst’s and 
otherwise excellent work, the study the brain-stem seems have 
region been large and uncontrolled. These studies are, moreover, 
subject the limitation Marchi technique, that only myelinated 
fibres are demonstrated, and only far they are myelinated. 
Terminations are therefore frequently uncertain. Furthermore, 
McKibben and Wheelis (1932) have already demonstrated that unmye- 
linated fibres form considerable part the pyramidal projection, and 
the shorter and phylogenetically older systems the brain-stem may 
well consist such fibres even larger proportion. 

they stand, however, the recognized fibre connections the 
cortex appear have significance. begin with, the 
area, which produces the largest variety both motor and 
actions, projects onto virtually every motor centre the 
brain-stem with the exception the globus pallidus, the hypothalamus, 
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and, surprisingly, the nucleus ruber. Probst (1901) and Simpson 
(1902) together describe fibres the caudate and lentiform nuclei; 
the ventralis anterior, ventralis lateralis and medialis the 
thalamus; the subthalamus and albicans” (?); the 
superior colliculus, substantia nigra and tegmentum the mid-brain 
the pontine nuclei; and the reticular formation the medulla. 
the other hand, the posterior motor area, which has motor function 
only, and that lesser strength, has correspondingly more limited 
projection (Barris, 1936), the pretected area, superior colliculus and 
pons. That projection the tegmentum bulks large from the sigmoid 
area and lacking from the occipital motor field, interest 
connection with the tendency for the occipital field yield complete 
acts nothing, whereas the sigmoid area readily yields the simple 
movements called primary, which are characteristic result direct 
tegmental stimulation. Projection the pons seemingly common 
element all motor projection. 

From the area frontalis agranularis the only projection described, 
except for corticospinal fibres, into the pons, but there indication 
the text either the investigators who have studied this matter 
(Langworthy, 1928; Olmsted and Logan, 1925) that they examined 
more than the peduncles, pons and pyramids. cortico-pontine, ponto- 
cerebellar, cerebello-dentate, dentato-tegmental, tegmento-spinal system 
might well serve the motor activity the cortex question, for the 
long course through second cortex would account for the rarity with 
which the activity obtained. experimental grounds Weed (1914) 
and Warner and Olmsted (1923) send the inhibition which they find 
obtainable the basis pedunculi into the pons, and thence the 
cerebellum. The outstanding viability and resistance anesthetization 
the inhibitory action obtained the present study from the area 
frontalis agranularis, argue strongly against such complicated projection, 
particularly against circuit through second cortex, and for direct 
action, and raise the question possible collateral action from the 
cortico-pontine ponto-cerebellar fibres into Deiters’ and the reticular 
nuclei. pupillo-dilator and adversive actions which are found 
the anterior border the area, perhaps constituting area homologous 
with the primate Area also seem poorly provided for 
exclusively cortico-pontine projection. 

The frontal and lateral fields for inhibition movement have 
common projection both the striatum and the caudal and ventral 
thalamus (Riese, 1924, for the gyrus proreus, and Poljak, 1927, for the 
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“insular region’’). The connection with the striatum the unique 
feature this projection, but the projection those portions the 
thalamus which may the seat pattern formation motor activity 
has possibly more obvious significance. This variety cortico-thalamic 
connection is, moreover, the most widespread projection from the cat’s 
cortex, matching the distribution the quieting Probst’s 
series studies Marchi degeneration from the cat’s cortex, the only 
area not having this projection was the striate area. 

The organization for action within this elaborate structure demands 
consideration. Cortical extrapyramidal function presents two aspects, 
excitation and inhibition, which are part co-operative and part 
antagonistic. When they are most co-operative, the case 
inhibition tonic contraction preparatory movement, they are 
localized together. When they are antagonistic, the production 
rhythmically repeating performances and the arrest these, they are 
localized separately. the peri-cruciate region the motor and inhibitory 
activities are disposed pairs, the motor action complementing the 
inhibition, usually higher threshold. This raises the question 
the extent which the two are served the same subcortical 
projection, perhaps collateral connections with different 
what extent entirely separate neurones? the Betz- 
cell field where extrapyramidal activity, both motor and inhibitory, 
co-exists with corticospinal activity, and all three are obviously 
co-ordinated both distribution and function, some collateral action 
seems order because the collaterals are known. the other hand, 
the large number small pyramidal cells distributed among the 
Betz-cells can certainly provide origin for any number quite 
independent prespinal projection systems. And the close correspondence 
pyramidal and extrapyramidal action may represent, not inevitable 
co-function under the all nothing law enormous unit with 
prespinal and spinal termination, but close correlation between discrete 
neurones pyramidal and extrapyramidal character. This latter 
organization should provide better for the lability which characterizes 
cortical action. Both arrangements may well utilized, separately and 
together, different ends. 

Although the fields for inhibition movement have been devoid 
projected somatic motor action, they contain Hughlings Jackson’s 
motor the principle co-ordinated reciprocal 
motor and inhibitory action, may again exemplified. The inhibitory 
action would then conceived arresting activity being make 
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way for activity newly conceived, perhaps for voluntary inactivity. 
But this case the highest motor stops activity direct 
projection while utilizes middle motor motor area 
proper, execute its new project. the cat, the poor differentiation 
the prefrontal area restrains such speculation, and perhaps this 
almost rudimentary cortex its chief entire projecting the 
cortical function attention. primates Jacobsen’s (1935) recent 
studies have dealt with just such level and locus motor organization 
that here pictured, and Richter and Hines’ (1936) report the 
production excessive activity bilateral removal the prefrontal 
areas, supplies the other half the co-ordinated whole. striking 
feature the aimless activity the monkeys, operated upon Dr. 
Hines their conspicuous failure fix attention upona stimulus before 
going into action. animals lack just that reaction fixation 
attention which appears unmistakable stimulating the cat’s 
prefrontal area. 

first sight the inhibitory activities the cerebral cortex appear 
simpler than the motor activities, and the inhibition which stops all 
movement the simplest all. But the initial problem presented 
such action—where the neural axis activity stopped, whether its 
source the brain-stem the final motor neurone the cord— 
remains without clear answer. has been argued that movement 
probably stopped where pattern formed, because tonic activity 
muscle not affected. And the widespread projection the caudal 
and ventral thalamus seems provide suitable avenue for such action. 
The effect respiration offers the greatest challenge experimental 
analysis because there are three obvious levels where this might operate 
the terra incognita the striatum, vegetative 
the hypothalamus, the respiratory centre the medulla. Tracts 
which inhibit respiration have been identified the mid-brain, the 
mesial edge the basis pedunculi, but whether these come from the 
cortex not the evidence does not determine. 

The inhibitory actions tonic contraction the musculature also 
fail yield even the first answer probing. not certain what 
level the inhibitory process brought bear against the excitatory. 
The viability and resistance anesthesia the inhibition from the 
anterior field have been used argue that that action must direct, 
probably without relay. And this argument valid, then the action 
prespinal because extrapyramidal fibres pass the cord. But 
this not evidence. only certain—the rubrospinal system 
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not inhibitory the cord the manner required. careful 
stimulation the red nucleus and its tract throughout the mid-brain 
and pons, and under the varied conditions stimulation employed 
bring out the inhibitory component the tegmental reaction, has always 
yielded motor activity, flexion the extremities with lateral curvature 
head, body and tail, nothing. The reticulospinal tracts should 
investigated. Tentatively, however, has been concluded that the 
powerful and viable action the anterior inhibitory field probably 
represents direct action system single neurones upon the tone- 
producing centres the rhombencephalon. 

The organization cortical extrapyramidal motor action presents 
again, insistently, the problem what extent complexity action 
dependent upon the correlated action separate neurones, what 
extent upon collateral action into different brain-stem levels from one 
descending system neurones. The exactitude with which the building 
extrapyramidal motor activity from the primary movement the 
significant performance with lightening anesthesia, resembles the dis- 
integration motor action directly excited from the brain-stem with 
progressively lower transections, suggests that the building-up process 
represents the recruitment successively higher levels the brain-stem. 
3ut independent neurones collaterals might equally well accomplish 
this, both working together. The problem recurs the homogeniety 
action the cortical extrapyramidal motor fields given time, and 
their different action from time time. Does each pattern response 
possible given field utilize separate subcortical projection system, 
one projection system with wide subcortical connections capable 
evoking one another response depending upon conditions lower 
The first allows for choice action the cortical level; the 
second apparently does not. either case the pattern which dominates 
extrapyramidal motor activity probably constructed, not the cortex, 
but beneath, for the activities question are those which decorticate 
cat executes stereotyped fashion, that patterns action must 
complete the lower centres. The author has been privileged 
examine Dr. Bard’s decorticate cats, and has seen these beautifully 
prepared and well-kept animals every one the activities question. 
The cortical extrapyramidal motor mechanism may therefore conceived 
facilitating activity lower centres, even initiating it, but 
determining form only limited selection one another pattern 
intrinsic lower centres. This pattern then unmodifiable from the 
cortex, after the pyramids are cut, except the interaction conflicting 
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The relationship between pyramidal and extrapyramidal action from 
the cortex must finally considered. The range and strength 
activity obtainable from the extrapyramidal mechanism alone make the 
function the corticospinal system, which cannot similarly isolated 
the cortex, decipher, but judging from the results obtained 
stimulating the medullary pyramids, the contribution the cortico- 
spinal system total function essentially motor. All the action which 
the cortex yields with this system intact has been obtained one time 
another with the system cut. Yet with the pyramids cut movements 
tend complex synergies, involving least whole extremity, and 
often the entire animal, whereas with the pyramids intact almost any 
fraction such large movement except extrusion the claws may, 
with threshold stimulation and little searching for the proper cortical 
point, isolated. corticospinal system therefore 
what may called motor function. 
contribution corticospinal function, related the first, shows 
comparing results cortical stimulation anesthesia light enough 
permit extrapyramidal action, with the pyramids intact and cut. The 
comparison may made either successively, before and after bilateral 
pyramid section, simultaneously, the two sides with unilateral 
lesion. With the pyramids cut extrapyramidal motor field gives the 
same reaction throughout, the threshold only varying. With the 
pyramids intact slight shift the point stimulation the Betz- 
cell field may modify, slightly radically, the form the recognizable 
patterned response, introducing perhaps more less adduction 
abduction, emphasizing action one joint over the others, interfering 
with the smooth sequence. the intact corticospinal system 
obviously provides for the modification pattern which the extra- 
pyramidal mechanism conspicuously lacks. third and probably 
most important contribution the corticospinal system total function 
low threshold. acute experiments the rise threshold after 
pyramid section involves element shock, for not confined the 
Betz-cell area. surviving preparations (Tower, 1935) has 
demonstrated how general and profound and enduring the loss 
excitation the segmental motor mechanism the cord when cortico- 
spinal function abolished. The corticospinal system thus underlies 
two exceedingly important elements total function: discreteness 
action, showing either fractionation modification pattern, 
and low threshold. The first enables the patterned reactions the 
extrapyramidal motor mechanism applied accurately meet 
situation, the second contributes speed and strength the execution. 
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SUMMARY. 


Widespread areas the cat’s cerebral cortex appear source 
both excitation and inhibition throughout the length the 
cerebrospinal axis. The motor function the cortex organized 
two major parts. The corticospinal tract and the homologous tracts 
the brain-stem operate directly through internuncial neurone 
the final common path the effectors; the extrapyramidal motor 
function operates indirectly, facilitating the activity lower brain- 
stem mechanisms which the form the activity determined. Yet 
this distinction between pyramidal and extrapyramidal modes opera- 
tion more apparent than section both corticospinal 
tracts the cat diminishes initiative and slows initiation and perform- 
ance, but destroys recognized element the animal’s activity, 
although the residual activity becomes stereotyped. Hence the 
pyramidal tracts likewise appear merely facilitate and modulate 
the patterned activities the lower motor mechanisms, but the final 
segmental level rather than the source. 

The inhibitory function the cerebral cortex dominantly extra- 
pyramidal. inhibition probably enters into corticospinal 
function property the intrinsic cord mechanism upon which this 
system must act, but independent inhibitory action has been found 
the system. The cortical inhibitory mechanisms probably act the 
brain-stem motor mechanisms engaged producing movement tone. 
Those effective against tonic contraction are localized and integrated 
with motor mechanisms, but are characterized lower threshold. The 
inhibition effective against movement the most widespread activity 
demonstrable the cortex, possibly representing general cortical 
function. 

The total organization pyramidal and extrapyramidal action 
may perhaps conceived somewhat follows. The mechanism upon 
which the cortex acts organized four levels. The segmental level 
the same time both the initial and the final site for integration. 
projects the periphery. The lower brain-stem motor mechanism 
constitutes level for reintegration and for producing the elements 
posture and movement. projects the segmental mechanism. 
The thalamic (or motor mechanism constitutes level 
for further integration and for pattern formation, and projects 
the lower brain-stem mechanism, and not the segmental mechanisn. 


The cerebellum will have left out consideration. The cerebral 
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cortex represents the highest level integration, and projects 
each the three lower levels. the segmental level this projection 
dominantly excitatory the higher levels excitation and inhibition 
are fairly equally matched. Altogether the cortical mechanism able 
both facilitate and inhibit activity throughout the neural axis, 
either the source the segmental level. This is, however, pro- 
jected action. The prime function the cortex itself must 
integrate activity these many projection systems that the final product 
excitation and inhibition the lower centres results activity 
and cessation activity the effector mechanism, appropriate the 


situation dealt with. 
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OBSERVATIONS THE HISTOPATHOLOGY THE 
CEREBRAL LESIONS DISSEMINATED 


GREENFIELD AND LESTER KING. 


(From the Pathological Laboratory the National Hospital, Queen’s Square, London.) 


THE literature the pathology disseminated sclerosis very 
extensive and includes able reviews Siemerling and Raecke, Dawson 
and Jakob. There is, however, general agreement the patho- 
genesis the disease, its relationship other demyelinating diseases, 
even various aspects its histopathology. Experimental work 
has done little settle these questions, the pathological picture 
disseminated sclerosis has never been exactly reproduced animals. 

The present communication deals with certain points histo- 
pathology some which have been the subject recent controversy, 
while others have received scanty notice the literature. Its object 
define more exactly the pathological picture disseminated 
sclerosis the hope obtaining more insight into the pathogenesis 
the disease. 

present paper based the study thirteen cases 
disseminated sclerosis the clinical course which ranged from two 
months over ten years. Only cerebral plaques were studied, and 
spinal cord lesions are included the present report. The method 
study was use frozen sections exclusively, each block being stained 
all the following methods: Scharlach and hematoxylin, victoria 
for neuroglia fibres, Hortega’s double impregnation for nevrofibrils, 
method for connective tissue and the Weil stain for myelin, 
some modification thereof. occasions other methods were also 
used, such the Gros, Fano, Perdrau and modified Cajal impreg- 
nations. The total number plaques this series over 125. 
exact number cannot given since, cutting through block mm. 
thickness few the smaller plaques might present some 
sections but not others. 


work was done while Dr. Lester King was holding Moseley Travelling 
Fellowship the Harvard University Medical School. 
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The Scharlach and hematoxylin stain undoubtedly gives more 
information concerning plaque disseminated sclerosis than does any 
other single staining method, exhibiting single preparation cells, 
myelinated fibres and many types lipoids. Only with fat stain can 
the age lesion estimated. 

The destruction myelin disseminated sclerosis may divided 
into several stages. the earliest the staining reaction with 
methods for staining myelin. This stage seen fresh plaques 
very intense nature, which there the periphery the lesion 
gitter cells densely packed against the still normal 
myelin. this type plaque the lipoid the wall gitter cells 
stains with the laked hematoxylin, although the centre the plaque 
does not. Conversely, with the Scharlach the centre the same 
plaque bright red, while the wall-like formation the periphery 
stains feeble and dull rose not all. But staining 
lipoids are also found fresh plaques much less intense nature, for 
example, they were seen recent lesions old (ten-year) chronic 
case. 

The hematoxylin-staining lipoids are two sorts. There the 
typical large size and staining practically the same 
colour normal myelin, the type described Wallerian and other 
types degeneration. There are also much smaller granules, more 
less pale blue colour, contained within typical fine-latticed gitter cells, 
droplets which are special significance this study. 

The usual early plaque shows dense and even distribution 
Scharlach-staining lipoids. Plate fig. shows such early plaque 
hematoxylin-Scharlach stain. Much the fat contained within 
typical well-rounded gitter cells, but much lies within phagocytes 
that have not yet reached the gitter-cell stage. Furthermore, there 
relatively large amount fat which completely extra-cellular, lying 
varying-sized droplets the interstices the tissue. will 
noticed that there special aggregation fat around the two blood 
vessels lying across the middle the photograph. 

The age the lesion fig. probably about months. 
This particular patient died four months after the onset symptoms, 
and since other plaques from the same case showed much more 
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advanced stage katabolism lipoids must conclude that fig. 
represents duration somewhat less than that the illness. The 
picture, however, differs particular from fresh plaques old 
chronic cases. 

What may called the second stage the katabolic process begins 
with the perivascular accumulation lipoids. Often the perivascular 
spaces are heavily loaded with gitter cells that other cell type can 
found. especially when the process somewhat further 
advanced, other types can seen. Apart from lymphocytes and some 
plasma cells, large numbers pale mononuclear cells may observed, 
with nuclei somewhat irregular shape and only moderately rich 
chromatin, and with pale irregular cytoplasm. Such cells contain fine 
fat granules ranging number from one two dozen more. 
Sometimes there are long spindle-shaped cells with single fat granule 
either pole. The cells which phagocytize lipoids the perivascular 
spaces are very similar those that store trypan blue inflammatory 
reactions the nervous system. These phagocytic cells, which are not 
compound granular corpuscles, are evidently mesodermal cells, probably 
partly blood and partly connective tissue origin. 

The disposal fat from the lesions appears take two forms. One 
the actual passage fat-laden cells into the perivascular spaces, 
where they degenerate, giving their contents new fresh cells. 
Secondly, certain amount free fat finds its way the tissue 
currents the perivascular spaces, and there taken young 
phagocytes situ. almost inconceivable that the fully rounded, 
fat-laden gitter cell has any power active migration such 
ascribe the tuberous and forms microglia. The gitter 
cells the perivascular spaces may have been carried there passively, 
Hassin suggests, the tissue currents, may have arisen situ 
from the maturation undifferentiated cells and the phagocytosis 
passively carried extra-cellular fat. 

This second stage, with the accumulation perivascular fat, 
occasionally sees the presence lipoids the 
intervascular tissue. Such relative persistance early form 
myelin breakdown requires well-controlled experimental approach for 
its elucidation. 

the third stage there gradual disappearance fat, first from 
the tissue between the blood vessels, and finally from the blood vessel 
sheaths themselves. The gitter cells the tissue become fewer and 
more widely spaced, the free extra-cellular fat disappears. this third 
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stage there may large number fine lipoid droplets contained 
within cells which bear morphological resemblance young microglia. 
Each cell contains only few droplets. The origin these cells, 
appearing they after the compound granular cells have already 
disappeared, requires further study. 

unusual form myelin breakdown has been observed, especially 
the more recent lesions. Scattered through such plaques sections 
stained for fat, are rows large, bright red globules, such are illustrated 
Plate figs. first glance such rows globules appear 
long rod cells crammed with fat. with fig. shows this 
not the case. Fig. taken from fresh cortical plaque, shows 
rod-shaped microglia filled with fine fat granules. Plate XI, fig. 
the same magnification. The individual fat droplets are enormously 
larger, and the total length chain these averages about three times 
the length the rod cells. the white matter, where 
alone such degenerating fibres are found, phagocytic rod cells not 
occur. 

This evidence that these long rows fat globules have been 
affected intracellular digestion. conversion from myelin into 
brilliantly Scharlach-staining lipoid has occurred extracellularly, without 
phagocytosis. The lipoid masses are large size, and remain 
straight line, the original position the fibre. The fat droplets 
this form myelin degeneration are brilliantly doubly refractile when 
examined with crossed Nicol prisms. interpret these structures 
fibres which have become transformed into simpler 
lipoids without the mediation cellular activity. The mechanism 
this change, which seems somewhat different from anything ever 
described for secondary degeneration, cannot explain, but wish 
record the observation. 

The doubly refractile lipoids multiple sclerosis are very abundant, 
especially the first, second, and early third stages the katabolic 
process. Several different forms may distinguished. (1) Different 
sized globules which show the typical myelin cross. These are pre- 
sumably myelin droplets which, spite staining bright red with 
Scharlach are but little altered from their original chemical constitu- 
tion. (2) Globules and irregular masses which, through the crossed 
Nicol prisms, appear doubly refractile bright red hue. These 
appear fatty acids either free combination. (3) Needles and 
fine droplets which are doubly refractile without trace colour under 
polarized light. These probably are cholesterol. (4) Mixed masses 


x 


OBSERVATIONS CEREBRAL LESIONS DISSEMINATED SCLEROSIS 449 


appearing partly red and partly white. (5) Scharlach-staining material 
which invisible under polarized light. 

The fat-laden field, appearing fairly uniform with ordinary illumina- 
tion, broken into these various constituents crossed Nicol 
prisms. The cholesterol, which does not stain with Scharlach, 
masked other stainable lipoids, and its true nature brought out 
only polarized light. 

The relative and absolute amounts doubly refractile lipoids varies 
according the age the plaque. fresh plaques the proportion 
anisotropic isotropic lipoid illustrated figs. and which are 
the same field, the same magnification, but with fig. taken under 
polarized light. certain amount the doubly refractile material 
somewhat out focus, but the two photographs may well compared. 

somewhat older plaques the total amount Scharlach-staining 
material much less than fig. but the quantity doubly refractile 
lipoids may the same fig. other words, the older plaques 
the proportion the doubly refractile lipoids much higher than the 
fresh plaques. This suggests either that certain these lipoids are 


specially resistant the katabolic process, that lipoids become 


time more strongly anisotropic they break down. 

may mentioned here that doubly refractile lipoids are very 
infrequently found cortical plaques. Further, the lipoid which 
contained within ganglion cells, whether the cortex other gray 
matter affected multiple sclerosis, not doubly refractile. 

great many different shades red are observed with the use 
Scharlach especially light yellow, dull rose, dull brick-red and 
the more typical brilliant light red. These shades, without question, 
correspond differences the chemical composition the lipoids. 
Some them, such diseases diffuse sclerosis amaurotic family 
idiocy, are frequently called prelipoids. This subject 
thoroughly understood without new experimental approach, since the 
data hand are not adequate. 

For literature connection with this section, reference may 
made Hurst, Toyama, Greenfield, Scholz and Kaltenbach. 


CYLINDERS. 

the demyelinating diseases certain morphological changes the 
axis cylinders are well known, especially diffuse cedematous swelling 
the entire fibre, and local fusiform thickenings and node formation. 
Certain other changes have been entirely neglected the English 
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literature, although they have received some attention the German 
and French journals. 

Marinesco and Minea, Doinikow and Jaburek, working with spinal 
cord lesions multiple sclerosis, have described certain formations 
which are interpreted regenerative phenomena. The formation 
nerve sprouts, end bulbs and end loops, retraction and various 
other types loops, swellings, buttons and ball formation, are the 
same types are seen regenerating nerve tissue the peripheral 
nervous system. Some these structures, especially boules retraction, 
whether attached nerve fibres cast off free the tissue, are 
essentially degenerative phenomena. Others are regenerative. 
appearances degeneration and regeneration are closely connected. 
The general morphology nerve-fibres undergoing degeneration and 
regeneration beautifully illustrated Cajal’s monograph. Vol. 
dealing with the central nervous system, especial interest. 

multiple sclerosis, the authors quoted have been concerned with 
spinal cord studied cerebral plaques but could not 
stain them successfully. admits that the spinal cord very much 
‘easier stain this respect than the cerebrum. Consequently 
special interest attaches the finding, the present series cerebral 
plaques, such regenerative phenomena. 

The most frequent type that illustrated Plate XI, 
calibered nerve fibres terminate small loops which may present 
great profusion. These loops resemble the boutons 
neurones. there are various transitions from loop 
solid club, but the former are overwhelmingly more numerous. 
Isolated cast-off balls are found occasionally. Sometimes the terminal 
loop consists whorl likethe neurofibrillar change Alzheimer 
onasmall scale. frequent observation the appearance loop, not 
terminally, but the course fibre. This greatly resembles the bouton 
passage, one type synapse found normally and fairly easily 
anterior horn cells the spinal cord. 

Plate XI, fig. from shadow plaque, and less than half the mag- 
nification fig. represents different type. The swelling and 
the long stretch nerve fibre undoubted regenerative appearance. 
So, too, the enormous terminally, for much too big 
so-called terminal club. might called large boule retraction. 
The constriction just below the spherical enlargement probably sign 
that the retraction ball will shortly cast off free the tissue. 
However, there are visible several small collateral sprouts, which must 
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interpreted regenerative. example the close relations 
between degeneration and regeneration. 

more frequent occurrence the cerebrum than the 
sprouting fig. the spinal cord Marinesco and Minea (1909) 
found the opposite true. From the literature the subject 
appears, too, that the terminal loops are not nearly frequent the 
spinal cord the cerebrum. 

The regenerative phenomena described here are found both new 
and old plaques, but are much more frequent recent lesions. This 
only expected view all the known facts regeneration 
cf. Cajal). These appearances have also been observed wide variety 
other conditions (Marinesco and Minea (1910), Doinikow, Beilschowsky 
(1909)). have found them also certain cases diffuse sclerosis, 
has Jakob (1914). 

The number new and functioning fibres disseminated sclerosis 
that are the result regeneration probably extremely slight. the 
earlier literature Strihuber believed that the greater number axis 
cylinders found multiple sclerosis were the result regeneration, 
the original fibres having been destroyed the earlier stages the 
disease process. was able show that these conclusions 
Strihuber were due inadequate histological technique, 
contention that the passage time has fully confirmed. The undoubted 
regenerative phenomena that are found are important for the general 
pathological physiology nerve fibres, and are not clinical 
significance. 

The type degenerative phenomenon appearing the cerebellum 
Shown Plate XI, The torpedo enlargement forms 
the axones the Purkinje cells. This has previously been observed 
Doinikow and Marinesco, this well other conditions. 
This pathological feature number conditions excluding dissem- 
inated sclerosis treated forthcoming paper Aring. 

reference the axis cylinders interesting point was recently 
raised Putnam, who, comparing disseminated sclerosis with 
disseminated encephalomyelitis, stressed the frequency 
loss axis cylinders the former. his series plaques from 
cases, there was complete almost complete loss nerve fibres 
just over per cent. true, and the present time generally 
accepted, that the persistance axis cylinders disseminated sclerosis 
only relative, and that there diminution many cases. But our 
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series, over 125 plaques from cases, showed directly opposite results 
from Putnam’s. Less than per cent. showed what could called 
the remainder being fairly evenly divided into 
slight loss, and moderate diminution. extreme degree was 
not only rare, but where present was always tissue that was highly 
rarified spongy. 

What call severe destruction reduction number one-fifth 
one-seventh (approximately) the normal density nerve fibres. 
criterion complete absence nerve fibres least some 
high-power microscopic fields. consider the point con- 
siderable importance, since one the features that may distinguish 
disseminated sclerosis from other demyelinizing diseases. some cases 
diffuse sclerosis the degree axis cylinder destruction mentioned 
Putnam may found. Disseminated sclerosis cases, taken group, 

two plaques one case there was extreme softening and great 
The plaques could cut frozen section only 
Axis cylinder impregnation was not successful 


rarefaction tissue. 


after gelatine embedding. 
these two plaques, which are not included the present series. But 


all other plaques unembedded frozen sections were easily cut, with 
the results enumerated above. 

The divergencies from the results Putnam may explained 
the difference technique. The limitations aniline blue axis 
cylinder stain were demonstrated Bielschowsky (1903) his con- 
troversy with has long been known that when peripheral 
nerves are stained aniline blue, the Stroebe 
methods, the axis cylinders appear interrupted the nodes 
Ranvier. seems that aniline blue stains axoplasma and not 
fibrils, and the results are therefore not comparable with those obtained 
ammoniacal silver methods. Furthermore, our experience, silver 
stains for axis cylinders celloidin sections such the Gros 
Davenport modifications, are rarely complete good impregnation 
frozen sections. The degree which Putnam’s results 
representative can judged only the publication results other 
series. 

GLIOSIS. 

Using the term gliosis the sense proliferation astrocytes 
and fibrous glia, wish lay special stress the observations that 
overgrowth neuroglia one the early reactions multiple 


sclerosis. 
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Dawson, distinguishing six stages the natural history 
disseminated sclerosis, places ‘‘commencing fibril the 
fourth step, following that ‘‘fat granule There 
tendency the English literature regard the gliosis 
secondary phenomenon, appearing after the destructive stages have run 
their course. the other hand, the Continental literature there 
evidence that glial proliferation more primary nature. The 
earlier views Striimpell and Miiller that the pathogenesis 
disseminated sclerosis depends primary disease the glia, are 
now definitely untenable. But both Jakob (1929) and Marinesco, for 
example, express dissatisfaction with the view that gliosis merely 
secondary, although they not express any definite alternative 
hypothesis. 

The alternatives may phrased follows: the gliosis 
agent the nerve fibres (especially the myelin sheaths) and the 
astrocytes, that both are affected the first stages the disease. 
the other hand, the gliosis secondary, the pathogenic agent 
acts only the myelin sheaths and the reaction the astrocytes 
contingent upon this damage. The difference one simultaneous 
opposed action. This difference important any 


attempt define the nature the pathogenic agent. something 
which acts the nerve fibres fundamentally, does attack the 


astrocytes well 
The evidence two sorts. the first place one may observe 


strong gliosis the early stages plaque formation. There are 
scattered references this the literature. our experience this 
very definitely the case. Plate fig. victoria blue preparation 
the same early plaque illustrated fig. showing clearly the swollen 
astrocytes and the great increase neuroglial fibres. This gliosis 
occurring plaque the first stage the process, age 
estimated months. Such appearance iscommon. Victoria 
blue preparations should compared with fat stains the same 
lesion, and not with myelin stains frequently done. Such 
comparison repeatedly shows that there considerable gliosis 
plaques which are heavily fat-laden. 

the second place, there may disproportion between the 
degree myelin destruction and the degree gliosis. group 
cases diffuse sclerosis reported Bodechtal and Guttmann there 
was only very slight diminution the myelinated fibres, and very 
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heavy gliosis, altogether disproportionate the myelin loss. 
disseminated sclerosis have observed shadow plaques with but little 
destruction myelin which, nevertheless, victoria blue preparations 
proved heavily overrun with glial fibres. 

That destruction myelin, whatever its cause, leads gliosis 
not dispute. For example general rule that the intensity 
gliosis shadow plaques less than neighbouring plaques which 
demyelination complete, although this not always true. Similarly 
plaques the floor the 4th ventricle the gliosis less intense 
the subependymal grey matter than where myelin sheaths have been 
destroyed. consider, however, that the fibrous gliosis plaques 
disseminated sclerosis occurs too early and too intensely merely 
secondary phenomenon, although secondary gliosis due destruction 


myelin undoubtedly also takes place. 


Rop CELLS AND SPINDLE CELLS. 


Although rod had previously been mentioned descriptions 
demyelinizing lesions, Westphal, 1918, was the first describe 
them detail. His histological studies this cell type are incomplete. 
They were observed cortical plaques, well the white matter, 
both acute and chronic cases. They were also found without demonstrable 
connection with plaques. his first communication Westphal declared 
that there was complete correspondence with the rod cells found the 
cortex cases general paresis, even the presence right-angled 
branches, but does not illustrate this point. believed these cells 
related some way the vascular apparatus. 

These descriptions were published before the existence microglia 
separate entity was known, and before the microglial origin rod 
cells general paresis was established. The rod and spindle-shaped 
cells disseminated sclerosis have received further attention the 
literature since Westphal’s descriptions, although his findings have been 
widely and uncritically quoted. 

case Marchiafava’s disease, rare type demyelinizing 
encephalopathy, reported one us, cells were 
described and illustrated foci the white matter. morphological 
evidence these cells were considered fibroblasts. 

the present series disseminated sclerosis one case was encoun- 
tered which these cells were very prominent feature. They were 
also observed other cases, but not favourably for study. 
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One very prominent feature these cells that they exhibit 
definite orientation their long axis. The cells, although times 
widely separated from each other, all point the same direction, with 
their long axis directed more less perpendicularly the margin the 
plaque. Under high power such celis are illustrated Plate XII, figs. 
and 10. They are spindle even slightly sausage-shaped, with elongated 
rather tapered nucleus containing one two especially prominent 
chromatin granules. slight concentration cytoplasm either pole 
the nucleus passes into long delicate cytoplasmic tails. There are 
lateral branches. The cytoplasm generally compact, but may 
occasionally looser texture, shewing few small vacuoles dark- 
staining cytosomes. ‘These cells correspond fairly well the illustra- 
tions Westphal. 

Such spindle-shaped cells are not phagocytic. figs. and the 
difference between these and the neighbouring gitter cells very clear. 
fat counterstains, whether hematoxylin silver stained sections, 
the plaques are heavily laden with fat, both the gitter cells and free 
the tissue. Nevertheless, the midst such abundance fat 
the cells question are completely free lipoid inclusions, or, extremely 
rarely, may contain minute fat globule one pole the nucleus. 
Such slight amounts fat are less than would contained the 
endothelial cells capillaries. marked contrast the heavy lipoid 
content the compound granular cells with which these spindle cells 
are intermingled. 

our material there are transitions between the spindle cells 
and the compound granular corpuscles such are seen the microglia. 
Such transitional microglia are seen the best advantage the 
the plaque. This illustrated Plate XII, figs. and 12, taken 
from the same plaque, stained the same method, and approximately 
the same magnification figs. The difference morphology 
obvious. microglia are multipolar, with large vacuolated pseudo- 
processes, and with numerous lateral branches still apparent 
They are intensely phagocytic, and are pleomorphic, showing many 
varying stages depending the amount material. 
these characters microglia are well known, and have been frequently 
described and figured many pathological processes. 

The spindle cell, the other hand, presents, addition definite 
spatial orientation, uniform morphology without transition, absence 
lateral branches, and absence phagocytic capacity spite 
the enormous amount lipoids their immediate surroundings. 
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There can doubt that these cells and the microglia are different 
types. 

the nature and origin those spindle-shaped cells, im- 
possible definite. many instances they appear related 
the adventitia blood-vessels, but often such connection can 
traced. So, too, their ultimate fate unknown. They are well dis- 
played one early case, but old plaques, taken from other cases, 
they cannot identified with certainty they are thus seen one 
phase, and further data must await other cases experimental 
production. 

the lesions Marchiafava’s disease similar cells were called 
fibroblasts one us. are longer confident that this their 
true nature. These cells play demonstrable part the formation 
intercellular connective tissue substances, such argyrophile 
The preparations from which figs. were taken were stained 
the Hortega connective tissue impregnations, which show reticulin 
fibres well general cellular morphology. Although there was 
modern overgrowth reticulin, the type described separate 
communication, there was correlation between this overgrowth and 
the cells fibres were found completely inde- 
pendent these spindle-shaped cells, and vice versa. other cases 
this series, which there was more marked proliferation reticulin, 
these cells were nowhere evidence. spindle cells may indeed 
belong the fibroblastic series but they not appear form inter- 
cellular connective tissue fibres. 

consider more likely that the cells question represent some 
type relatively undifferentiated mesodermal cells, quite different from 
the microglia the connective tissue macrophage. What potentialities 
they possess cannot decided, inasmuch later stages are not 
available for study. 

The question remains open, how far those fusiform cells are similar 
undoubted fibroblasts found repair brain wounds the 
experiments Farrar and the recent paper Hassin. Where the 
meninges are injured and fibroblastic proliferation quite vigorous, cells 
appear which have considerable resemblance those described here. 
But the pathological conditions and the types lesion are very different 
the two cases. The entire problem mesodermal repair brain 
lesions deserves re-study with the silver techniques, with especial 
reference reticulin formation. 
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LEGENDS FOR ILLUSTRATIONS. 


PLATE 


Fic. 1.—A recent plaque, two three months old, stained with hematoxylin and 
Scharlach The even distribution lipoids throughout the tissue and the absence 
special perivascular accumulations will noted. The arrow points rows fat globules 
the type shown fig. and described the text. 152. 


Fic. same field but taken with polarized light show the doubly 
refractile lipoids. 152. 


Fic. 3.—Cortical plaque, showing rod-shaped microglia laden with fat. Scharlach 
with nuclear counterstain. 513. 


Fic. 4.—Rows fat droplets interpreted (see text) myelinated fibres which have not 
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PLATE 


Fic. 5.—Mixed degeneration and regeneration axis cylinders. The large bomb” 
retraction ball, from which fine lateral tibrils are sprouting. double impregnation 
for 560. 


6.—Terminal loops, the type regenerative phenomenon most frequent plaques 


7.—Degenerative swellings (‘‘ torpedoes”) the axones Purkinje cells 
cerebellar plaque. 160. 


blue. 255. 
PLATE XII. 


and cells described the text. Hortega impregnation for connec- 
tive tissue. 545; fig. 10, 640. 


and 12.—Active microglia, the margin the same plaque from which figs. 
and were taken, and stained the identical method. 500. 
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illustrate paper Greenfield and Lester King. 


FURTHER STUDIES THE EFFECT HYPOTHALAMIC 
LESIONS UPON CARBOHYDRATE 


DAVID CLEVELAND AND LOYAL DAVIS (CHICAGO). 


previous study [1] have shown that properly placed lesions 
the hypothalamus will ameliorate the symptoms pancreatic 
diabetes and prevent the glycosuria and hyperglycemia produced 
stimulation the superior cervical sympathetic ganglion. Further 
studies have revealed interesting information concerning the relation 
the nervous system carbohydrate metabolism. 

Unipolar electrolytic lesions were made under asepetic conditions 
the hypothalamus cats and monkeys means the Horsley-Clarke 
stereotaxic apparatus. All the animals were operated upon under 
sodium pentobarbitol anesthesia (28 mg. per kilogram body-weight). 
Standard measured diets meat and milk were given before and after 
operation all the cats, and standard diets vegetables, fruits and 
milk the monkeys. some instances was necessary feed the 
animals stomach tube for short intervals with one egg c.c. 
whole milk. Blood-sugar studies were made the Randles-Grigg 
modification the Folin-Wu technique venous blood withdrawn 
approximately twenty twenty-two hours after feeding. Glycosuria 
was estimated qualitatively and quantitatively the Benedict test. 
One hundred and forty-seven cats and five monkeys were subjected 
hypothalamic lesions. each case the attempt was made destroy 
the filiform nuclei, because our previous studies had shown that such 
lesions were most effective carbohydrate metabolism regulation tests. 

Blood-sugar curves immediately following cats 
had transient elevation the blood-sugar above 125 mg. per 100 c.c. 
blood immediately post-operatively, which remained above normal 
over period three twenty-seven days, with average 
days. Four cats had hyperglycemia above 300 the highest being 
333 mg., but the average rise was 158 mg. Three the monkeys 
developed transient 127, 142 and 134 mg. respectively, 
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but each case there was return normal levels the fourth day. 
fourth monkey had low blood-sugar, which never rose normal, 
following the production lesion the hypothalamus. 

Insulin cats with hypothalamic lesions were 
tested for insulin sensitivity giving unit insulin per kilogram 
body-weight intravenously. Five showed marked and dangerous 
reaction insulin and one cat died before intravenous glucose could 
given (Chart 1). Seven were mildly moderately sensitive insulin, 
while two reacted normal manner. 

Two the monkeys with hypothalamic lesions had marked and 
prolonged insulin reaction (Chart third monkey showed marked 


110 


Cuart 1.—Composite charts which show blood sugar levels after hypothalamic lesion 
comparison with normal animals after the injection unit insulin per kilogram. 
Solid line represents the average reaction five cats with such lesions dotted line normal 
cats. Solid line represents two monkeys with such lesions: dotted line normal monkeys. 


hypoglycemia, which returned above normal within three hours. 
The fourth animal gave entirely normal response. 

The cervical sympathetic trunk and superior cervical ganglion were 
removed both sides seven cats. Following this procedure the 
blood sugars remained the lower limits normal. animal 
showed marked sensitivity 0°5 unit insulin and the blood-sugar 
did not return normal until twenty-four forty-eight hours after the 
injection. Three the cats were subjected complete pancreatectomy 
and again were tested for insulin sensitivity the following day. One 
died hypoglycemia crisis after receiving units, three times the 
amount the test dosage. second was saved the administration 
intravenous glucose solution, while the blood-sugar the third did 
not drop materially. The latter two animals died the fourth day 


MGMS 
\ 


EFFECT HYPOTHALAMIC LESIONS UPON CARBOHYDRATE METABOLISM 461 


pancreatic diabetes. the remaining four cats died upper 
respiratory tract infection. Hypothalamic lesions were made the 
other two animals, and following this pancreatectomy was performed. 
Both died pancreatic diabetes. The lesion each animal was poorly 
placed, leaving the filiform and periventricular nuclei intact. 

Adrenalin reaction.—The adrenalin reaction was tested thirteen 
cats and four monkeys with hypothalamic lesions and four entirely 
normal cats, injecting adrenalin per kilogram body- 


2.—Composite charts which show blood sugar levels animals with hypothalamic 
lesions comparison with normal animals after injection adrenalin per 
kilogram. Solid line represents the average reaction four cats with such 
dotted line four normal cats. Solid line represents the average reaction two monkeys 
with such lesions; dotted line two normal monkeys. 


weight intramuscularly. Four the cats with such lesions, which were 
very sensitive insulin, showed mild elevation the blood-sugar 
ranging from 112 133 mg. (Chart 2); seven responded rises 
between 148 and 191 mg., and two had rises 200 and 209 
respectively. One the monkeys sensitive insulin had mg. 
increase the blood-sugar. The second blood sugar increased 
117 mg., while the remaining two animals had peaks 176 and 181 mg. 
respectively. The responses the four normal cats were all above 
190 mg. every instance, except one monkey and one cat, the 
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blood-sugar was slightly elevated the following morning, but all had 
returned below the original level the second day. 

Anterior pituitary extract.—Thirteen cats and four monkeys with 
hypothalamic lesions, four cats with the spinal cord transected between 
the 5th and 7th cervical segments five days previously, and four normal 
cats were injected intraperitoneally daily with the equivalent grm. 
anterior lobe saline extract (Schockaert method). All the 
animals were injected over period nine days. Previous experiments 
had shown that injection grm. daily was ineffective. 

The four normal cats, two the cats with hypothalamic lesions and 
one the cats with cervical cord section, developed progressive rise 
the blood-sugar levels varying between 177 and 206 and all 
showed mild glycosuria. Seven cats with hypothalamic lesions, three 
cats with cervical cord sections, and two monkeys with hypothalamic 
lesions responded gradual elevation the blood-sugar levels 
between 123 and 163 mg., which, comparison with the above group, 
shows adiminished response. There wasa variation both the urinary 
and blood-sugar from day day most the animals, but the 
average the peak occurred the sixth day. Glycosuria was 
transient nature and was never more than very mild. The four insulin 
sensitive cats and two insulin sensitive monkeys (all with accurately 
placed hypothalamic lesions) developed transient hyperglycemia which 
never more than doubled the original level, and then gradually approached 
the normal. None these animals showed any urinary reduction 
Benedict’s solution. 

later period four sympathectomized cats (superior cervical 
ganglion and cervical trunk) responded anterior lobe extract injections 
practically normal manner. 

order determine the effect ergotamine the 
glycosuria and hyperglycemia resulting from faradic stimulation the 
superior cervical ganglion, experiments were performed twelve female 
cats. Six were given subcutaneous injections 0°5 mg. ergotamine 
tartrate per kilogram body weight. After the superior cervical 
sympathetic ganglion had been isolated from the rest the field 
rubber dam, was stimulated with faradic current (Harvard induc- 
torium with secondary coil cm. and one dry cell). Three stimuli 
thirty seconds each were given each experiment. Urine was 
collected before, during, and fifteen-minute intervals for two hours 
after stimulation. Blood was collected one hour after the stimulation 
because previous experiments had shown that the hyperglycemia was 
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greatest that time. the cats showed sugar the urine, 
but one developed moderate and one heavy glycosuria (Chart 3). 
The four animals that did not develop glycosuria did not have rise 


MGMS 


3.—Blood sugar levels resulting from faradic stimulation superior cervical 
sympathetic ganglion six cats injected with 0°5 mg. ergotamine tartrate per kilogram. 


blood-sugar more than mg. The other two cats had glycemia 
responses 227 and 258 mg.—a rise more than 100 mg. 

Four other animals were injected with 1°5 mg. ergotamine per 
kilogram, following which stimulation the superior cervical ganglion 
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CAT NO. 
4.—Blood sugar levels resulting from faradic stimulation superior cervical 
sympathetic ganglion four cats injected with mg. ergotamine tartrate per kilogram. 
Blood sugar levels two normal cats after stimulation are shown for comparison. 
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was performed. The average blood-sugar rise was mg., but none 
did glycosuria develop. Hyperglycemia and glycosuria developed 
promptly two control animals under identical conditions (Chart 4). 

Two the cats from each experiment which did not develop rise 
blood-sugar were subjected stimulation the superior cervical 
ganglion two weeks later after all effects the drug had disappeared 
and all responded entirely normal manner. have empha- 
sized before, all animals must well fed before this type stimulation 
experiment carried out. 

CoMMENT.—We have shown previous study that cats and 
monkeys, properly placed lesions the ventral part the hypothalamus, 
involving the region close proximity the wall the 3rd ventricle 
and particularly the filiform nuclei, have definite effect upon carbo- 
hydrate metabolism. The amelioration pancreatic diabetes, while 
more obtain than hypophysectomy, seems fully marked. 
The mechanism which the hypothalamus participates this function 
must yet remain doubt, least, matter conjecture. Lucke 
[2] has suggested than anterior lobe (contra-insular) hormones act 
the hypothalamus way the cerebrospinal fluid. this so, 
injection cerebrospinal fluid from normal animal into hypophy- 
sectomized-pancreatectomized animal would cause diabetic symptoms, 
whereas, hypothalamic lesion-pancreatectomized animal such 
injection would have effect. 

would appear that the mechanism the hypothalamic lesion does 
not act way nerve tracts descending the brain-stem and 
cervical cord, because animals with the cervical cord transected the 
6th cervical segment developed unmodified diabetes following pan- 
createctomy. believed many, though has not been proven, 
that connections exist between the filiform and medial hypothalamic 
nuclei and the hypophysis. Our experiments may offer some physiological 
evidence that this istrue. Whether not properly placed hypothalamic 
lesions ameliorate pancreatic diabetes interruption the nervous 
control the hypophysis means settled. The diminution 
the effects anterior lobe extracts hypothalamic lesions may due 
interference other factors this complex mechanism. 


SUMMARY. 


Animals with experimental hypothalamic lesions usually have 
hyperglycemia immediately after operation, and then tend have 
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levels the lower limits normal and subnormal, the 
lesions involve the medial and ventral hypothalamic area. 

Destruction the filiform, ventro-mesial, 
nuclei and lesions the ventricular wall produce increased and pro- 
longed insulin sensitivity, diminished adrenalin response, diminished 
anterior lobe extracts response and amelioration pancreatic diabetes. 

Cervical sympathectomy does not ameliorate the symptoms 
pancreatic diabetes animals. 

Transection the cervical spinal cord between the 5th and 7th 
segments does not ameliorate pancreatic diabetes. 

Ergotamine, given sufficiently large doses, prevents hyper- 
glycemia and glycosuria that otherwise results from stimulation the 
superior cervical sympathetic ganglion. 
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VESTIBULAR PHENOMENA CENTRAL ORIGIN.! 
(AN EXPERIMENTAL Macacus Rhesus.) 


ARMANDO FERRARO, BARRERA AND GEORGE BLAKESLEE. 


(From the Department Neuropathology, New York State Psychiatric Institute and 
Hospital, New York, N.Y.) 


I.—INTRODUCTION. 


Previous observations reported from this laboratory and many 
likewise reported from other laboratories have established group 
symptoms which may considered characteristic vestibular lesions 
experimental animals. 

The first paper from this laboratory dealing with the effects 
lesions the labyrinth and the 8th nerve Macacus rhesus 
reported group symptoms which may considered typical 
unilateral peripheral vestibular lesions. These symptoms include, 
the acute stage, falling toward the side the lesion; postural 
asymmetries, including torsion the chin towards the opposite side, 
flexion the occiput the ipsilateral shoulder and relative flexion 
the ipsilateral limbs; nystagmus toward the opposite side (quick 
component) ipsilateral deviation and tendency spiral around the 
long axis the body toward the side the lesion climbing straight 
pole, swimming under water and jumping through the air. addition 
variable degree ipsilateral hypotonia and diminution the deep 
reflexes may present. These findings are accord with those pre- 
sented for various animals many authors, and agree essentially 
with those observed after unilateral labyrinthectomy the monkey 
Magnus [2]. 

The acute symptoms enumerated above vary considerably severity 
from animal animal, especially with regard the postural asym- 
metries, particularly the head, where degrees torsion the chin 
the opposite side may vary from degrees perhaps degrees 
from the vertical. The tonic and reflex difference likewise may vary 
considerably from animal animal. The most characteristic and most 
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constant findings, aside from the torsion the head, are the nystagmus 
and the asymmetries motion typified the tendency spiral 
around the long axis climbing, swimming jumping. the 
typical peripheral lesion the nystagmus may rather short-lived, 
lasting perhaps twenty-four hours. the chronic stage the animal 
may show postural asymmetries the head and the asymmetries 
motion enumerated above the only definite findings. These findings 
bular type and they may thus considered typical vestibular 
dysfunction. 

second paper entitled, The Effects Lesions the Juxta- 
restiform Body (I.A.K. Bundle) Macacus rhesus Monkeys” [3] 
reference was made the effects lesions involving the 
large region describable topographically the intra-medullary portion 
the juxta-restiform system, more properly known the lateral 
descending portion the vestibular nuclear complex. Symptoms 
the same type those due peripheral lesions but much more 
severe degree were found associated with large lesions this 
portion the central vestibular mechanism. The postural asymmetries, 
including the torsion the head and particularly the asymmetries 
the limbs, were more marked. The nystagmus was more active and 
lasted for longer period. The same asymmetries motion were 
present but were more marked and times locomotion the floor 
amounted even rolling movements. ataxia dysmetria could 
found typical cases. The symptoms, addition being more severe 
the acute stage following the operation, persisted for much longer 
period and could seen definitely even after survival periods several 
months. 

light the obviously greater severity symptoms associated 
with large central vestibular lesions compared those due 
peripheral vestibular lesions the point arose whether other 
afferent components besides those from the labyrinths are involved 
the central vestibular response. For this reason seemed justified 
proceed little further and investigate the effects central vestibular 
lesions the absence peripheral vestibular receptors. 
investigation was undertaken Spiegel and Sato [4], who, 1926, 
studied dogs which unilateral vestibular nuclear lesions were produced 
associated with bilateral section the 8th nerves. their animals 
the experiments were acute, the bilateral nerve section and the vestibular 
nuclear lesion being performed the same time. These authors found 
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that the dog many the elements associated with large vestibular 
nuclear lesions can reproduced, even the absence peripheral 
stimuli way the 8th nerves. considered interesting and 
important extend these observations monkeys and study the 
effects such combined lesions even animals which the labyrinths 
nerves had been destroyed considerable periods time before the 
vestibular nuclear lesion. 


Macacus rhesus monkeys were used throughout the experiments. 
They weighed the average from and the vestibular 
function was tested clinically before operation the rotation, caloric 
and galvanic tests. Labyrinthectomy was performed the manner 
described Northington and Barrera, using essentially the Hinzberg 
approach. Section the nerve was performed the usual manner 
with sub-occipital approach and upward and medial retraction the 
cerebellar lobe. These operations could performed practically 
bloodlessly under ether and the animals could observed 
usually interval one two hours after they left the operating 
table. that time they were usually active and manifested the 
typical symptoms the acute phase. The central vestibular lesions 
were made using sub-occipital approach with gentle upward 
retraction the vermis and lateral lobes the cerebellum. this 
way clear view the ventricular floor and lateral wall the ventricle 
could usually obtained and the lesion could placed any desired 
point. the present paper shall not concerned with the 
variations the effects central lesions depending upon whether the 
lesion placed the medial lateral nuclear groups the vestibular 
complex, whether more caudally cephalically placed. 
shall concerned here essentially with the effects large diffuse central 
vestibular lesions involving major portion the central vestibular 
complex, which produced typical unilateral vestibular signs marked 
degree similar those reported our paper last year the effects 
lesions the intra-medullary portion the juxta-restiform system. 
Further lesions used the experiment included section the 
dorsal cervical roots, which was performed making simple cervical 
laminectomy and then sectioning the dorsal roots within the dura 
they entered the cord. Section the supra-medullary portion the 
juxta-restiform system was performed making cut the lateral wall 
the ventricle angle approximately degrees the horizontal. 
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The only other operative procedure used was removal the motor area. 
This was easily performed after had been outlined electrical 
stimulation with the Harvard inductorium. 

The animals were observed carefully for all the typical neurological 
symptoms, and moving pictures were made demonstrate the typical 
abnormal features. After varying periods time the animals were 
sacrificed and their nervous systems stained either the Marchi, 
Weigert methods. The temporal bones were removed most 
cases and serial sections stained hemetoxylin and eosin. all, over 
twenty-five monkeys have been used date for this experiment. 
addition these many monkeys have been used for studying the 
effects various small lesions placed different points the vestibular 
nuclear complex. The latter, with the detailed studies 
associated with the vestibular nuclear lesions, will reported length 
elsewhere. 

Unilateral labyrinthectomy followed section the ipsilateral 

8th summarizes the typical findings associated with 


B.—Changes following subsequent ipsi- 
lateral 8th nerve section. 


Falling —to side lesion. 
Asymmetries posture. 
(a) Head—chin contralateral side. None. 
Relative slight ipsilateral limb 
flexion and 
(c) Relative slight contralateral limb 
extension. 
(a), and (c) show considerable indi- 
vidual variation. 


Spontaneous nystagmus—to opposite side Note.—If 8th nerve section alone per- 
(quick component). Average duration formed the phenomena are the same 


Asymmetries movement. 
(a) Jumping—spiralling around long 
axis same side. 
(6) Swimming—spiralling around long 
axis same side. 
(c) Climbing single 
around long axis same side. 
Ipsilateral hypotonia—considerable in- 
dividual variation. 
indi- 
vidual variation. 
rolling movements. 
Absence ataxia dysmetria. 
Disabilities vary considerably degree. 
Slight asymmetrica} head posture and 
definitely. 
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unilateral labyrinthectomy reported earlier communication. 
these cases the labyrinth was proved inactive caloric testing 
which response was obtained from the labyrinthectomized side 
the introduction cold water into the external auditory meatus. 
Neither the rotation tests nor the galvanic tests were much signifi- 
cance the unilateral labyrinthectomized case, because the rotation 
test may significant only the acute phase and the galvanic test may 


II. 


R.—Phenomena following subsequent large 


A.—Phenomena produced unilateral 
vestibular nuclear lesion. 


labyrinthectomy 8th nerve 


Falling—to side lesion. Falling—to side lesion more marked 
than 
Asymmetries posture Asymmetries posture. 
(a) contralateral side. Head—marked torsion chin 
opposite 
Relative slight ipsilateral limb (2) Relative ipsilateral limb flexion. 
flexion, and 
(c) Relative slight contralateral limb (c) Relative contralateral limb flexion. 
extension. 
(a), and (c) show considerable indi- (a), and (c) all much more marked 
with very little individual vari- 
ation. 
Spontaneous nystagmus opposite Spontaneous nystagmus marked, 


side (quick component). Average dura- 
tion approximately hours. 


Asymmetries movement. 


(a) Jumping—spiralling around long 
axis same side. 
(6) around long 
axis same side. 
(c) Climbing single pole spiralling 
around long axis same side. 
Ipsilateral hypotonia —considerable indi- 
vidual variation. 


Ipsilateral 


vidual variation. 


rolling movements. 


opposite side predominantly. 


tion much longer than 


Asymmetries movement. 


(a) Jumping—spiralling around long 
axis same side. 

Swimming—spiralling around long 
axis same side. 

(c) Climbing pole--spiralling around 
long axis same side. 


Ipsilateral hypotonia—variable. 


Ipsilateral hyporeflexia—variable. 


Occasionally rolling movements around 
long axis side lesion very 


acute stage. More marked any 
cerebellar complication present. 
Absence ataxia dysmetria. Absence ataxia dysmetria. 
Disabilities vary considerably degree. Disabilities severe degree. Asymme- 


Slight asymmetrical head 
and asymmetries motion persist 
indefinitely. 


tries posture and motion may 
persist indefinitely. 


significance only the labyrinthectomy happens result 
degeneration the nerve. 

Section the 8th nerve intracranially subsequent earlier 
labyrinthectomy the same side produced additional symptoms nor 
increase the existing symptoms, provided that the labyrinthectomy 
was found functional testing have been successful. 
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Unilateral labyrinthectomy section the 8th nerve followed 
ipsilateral large vestibular nuclear presents 
comparative tables showing the increase vestibular symptoms asso- 
ciated with the central nuclear lesion compared those existing 
result the previous lesion nerve labyrinth the same side. 
This increase could noted the second operation were performed 
the relatively acute phase following the first operation, were 
performed considerable time afterward. can seen from the 
table the nystagmus, while the same direction, was more active and 
longer duration the case with lesion than the peripheral 
case. The postural asymmetries became more marked the sense that 
the chin was twisted very sharply towards the opposite side and the 
limbs showed greater flexion the ipsilateral compared the 
contralateral limbs. The asymmetries movement were likewise 
the tendency toward rolling movements and spiralling around 
the long axis the body toward the side the lesion were much more 
marked the case the large central lesion. All the symptoms 
the case the central lesion persisted greater intensity and for 
longer period time than was found any typical case unilateral 
peripheral lesion involving either labyrinthectomy section the 
nerve. 

All these findings would seem indicate that other elements, 
addition the components from the vestibular end organ the same 
side, play upon the central vestibular mechanism otherwise one might 
expect that symptoms due lesions the nuclei would the same 
those associated with lesions the nerve labyrinth the same side. 
Such not the case, however. Magnus and others have mentioned the 
possibility the normal ear playing some role the symptoms following 
unilateral ear nerve lesions, and for this reason the following crucial 
experiment was undertaken. 

Bilateral labyrinthectomy followed unilateral lesion the 
central vestibular III summarizes the effects bilateral 
labyrinthectomy the monkey, compared bilateral labyrinthectomy 
followed large unilateral vestibular nuclear lesion. The most 
important feature these cases that large unilateral vestibular 
nuclear lesion subsequent bilateral labyrinthectomy, even bi- 
lateral section the 8th nerve, produced definite unilateral symptoms 
which, light our earlier papers and unpublished experiments, 
believe are definitely vestibular type. 

These effects differed fact very little either degree type 
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vestibular nuclear lesions. 


metries were definite. 


—Phenomena resulting from bilateral 
labyrinthectomy (one stage). 


Falling--to either side or, looking 


upward, occasionally backwards. 
Asymmetries posture. 
(a) Head—may show dorsiflexion, chin 
midline. 
Noasymmetry. Both sides alike. 
(c) Noasymmetry. Both sides alike. 
Spontaneous nystagmus—none. 
nystagmus induceable rotation 
caloric testings. 

Asymmetries movement. 
(a) Jumping—may back flips. 


(b) Complete disorientation, head 
under water would drown. 


(c) Climbing pole—disoriented space, 
bizarre positions (head down, &c.). 


definite 


definite hyporeflexia. 


rolling movements around long axis. 


Absence ataxia dysmetria. 

Phenomena are severe and tend 
long lasting. degree re- 
covery seems occur. 


TABLE 
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from those associated with similar vestibular 


presence intact labyrinths nerves. 
that the presence previous bilateral lesions labyrinths nerves 


there was some evidence bilaterality the symptoms manifested 
some abductive postures the limbs contralateral the vestibular 
nuclear lesion and more bilateral unsteadiness. 
feature, however, was that even the presence degenerated nerves 


nuclear lesions the 
The only difference seemed 


The most interesting 


resulting from large 


both sides, typical unilateral vestibular symptoms occurred. The 
nystagmus most these cases was active and typical unilateral 
Its direction was the opposite side. Its 
duration, varying from animal animal, was from few days after 
operation period even six weeks one case, the end which 
time conjugate deviation the eyes occurred. 
The chin was twisted sharply toward the opposite 
side, the occiput was flexed the ipsilateral shoulder, there were rather 
marked but variable relative ipsilateral flexion the limbs and contra- 


unilateral vestibular nuclear lesion, 
subsequent 


Falling— predominantly side nuclear 


lesion. 
Asymmetries posture. 
(a) Head—chin twisted opposite side. 
Relative ipsilateral limb flexion. 
(c) Relative contralateral limb exten 
Spontaneous side opposite 
nuclear lesion (quick component). 


Asymmetries movement. 

(a) Jumping—rarely performed. 
done spiralling backward and 
around long axis side nuclear 
lesion occurs. 

Swimming—general disorientation 
with spiralling under water around 
long axis side nuclear lesion. 

(c) Climbing pole—spiralling around 
long axis side nuclear lesion. 


degree ipsilateral hypore- 


flexia. 


Occasionally rolling movements around 


long axis side nuclear lesion. 
Especially any cerebellar com- 
plication present. 


Absence ataxia dysmetria. 
Phenomena are severe and tend 


long lasting. The postural asym- 
metries may last indefinitely. 


The postural asym- 
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lateral extension, and the animal showed definite asymmetry 
movements the sense tendency spiral around its long axis 
toward the side the central lesion jumping climbing, and even 
mild rolling movements the early stage occurred one case. 
most the cases studied far the symptoms were long lasting. The 
asymmetry the head some the cases has manifested torsion 
the chin perhaps plane degrees from the vertical, lasting 
for even six weeks. tremors any type have been noted date 
these animals. The lesions the ear and nerve were found, before the 
second operation, effective, for responses could obtained 
caloric testing either the labyrinthectomized neurectomized 


IV. 


Phenomena followiny unilateral lesions the supramedullary portion the 
system. 


Falling—occasional, side opposite the lesion. 
Asymmetries posture. 
(a) Head—usually normal but occasionally shows slight twist 
chin towards ipsilateral side. 


Body and limb posture normal. 


Spontaneous nystagmus—to side lesion. 

Ipsilateral hypotonia (slight and inconstant). 

Ipsilateral (slight and inconstant). 

Absence rolling movements. 

Climbing—spiralling around long axis opposite side. 

Jumping—spiralling around long axis opposite side. 

Swimming—essentially normal. 

Absence definite ataxia dysmetria purest cases. 

Relative slight degree disabilities compared those following 
lesions tendency disappear rather rapidly. 


animals, and addition response could obtained galvanic 
testing the animals with section the nerves. The time which 
the central lesions was performed relative the first operation did not 
seem influence the results. one case the second operation was 
performed six months after the first operation, and other cases periods 
short two weeks were allowed elapse before the second 
operations were performed. differences the intensity 
the symptoms referable the second operation occurred. 

This the basic experiment from which the additional experiments 
have been devised. proved that typical vestibular symptoms can 
elicited from unilateral lesion the monkey even the absence 
impulses components from the labyrinths. confirmed the 
monkey the earlier observations Spiegel and Sato made the dog. 
raised the question what other components may enter into the 
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vestibular nuclear complex and thus account for some the vestibular 
elements the symptoms which were elicitable the second operation. 
One group was the fibres from the cerebellum way the supra- 
medullary portion the juxta-restiform system. That these fibres 
were associated with vestibular functions was found our experiment 
which, upon sectioning these fibres, found symptoms which 


TaBLE 


B.—Phenomena occurring following 
quent section supermedullary por- 
tion the juxta-restiform position. 


resulting from bilateral 
labyrinthectomy (one stage). 


Falling—to either side or, looking Falling—predominantly side opposite 
upwards, occasionally backwards. fibre lesion. 
Asymmetries posture. Asymmetries posture. 

(a) Head—may show dorsiflexion, chin (a) Head—may show slight 

midline. ward side central lesion. 

(b) Both sides alike. Usually normal. 

(c) Both sides alike. (c) Usually normal. 

Spontaneous none. Spontaneous nystagmus—to side lesion 
nystagmus inducible rotation (quick component). 
caloric testings. 

Asymmetries movement. Asymmetries movement. 

(a) Jumping—may back flips. (a) Jumping—spiralling around long 
side opposite lesion. When 
jumping usually shows back flips 
and spiralling combinations. 

Swimming—general disorientation 


bo 


Complete disorientation, head 
under water would drown. 


(c) Climbing pole—disoriented space, 


under water. predominant 
movement 
(c) Climbing pole—may generally 


disoriented with bizarre postures but 
predominant spirally around long axis 
towards side opposite central lesion. 


bizarre positions (head down, &c.). 


definite hypotonia. Occasionally slight relative ipsilateral 
hypotonia. 
definite Occasionally slight relative ipsilateral 


rolling movements around long axis. rolling movements. 

Absence ataxia dysmetria. Absence ataxia dysmetria. 

Phenomena are severe and tend Phenomena addition those 
long lasting. certain degree tend transient except for some 
recovery seems asymmetries movement which may 

remain indefinitely. 


appeared definitely vestibular type but opposite direction 
and less degree than those associated with lesions the underlying 
vestibular nuclear complex. Table shows these symptoms. 
studying this group fibres the following experiment was performed. 
Bilateral labyrinthectomy followed unilateral section the 
supra-medullary portion system.—In these animals 
the symptoms which reported last year typical unilateral section 
the supra-medullary portion the juxta-restiform fibres occurred. 
These included nystagmus toward the same side, slight torsion 
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the chin toward the same side, tendency fall toward the opposite 
side, and tendency spiral around the long axis toward the opposite 
side jumping climbing. The symptoms appeared the same 
intensity these cases those associated with lesions the juxta- 
restiform system otherwise intact animals. labyrin- 
thectomy did not prevent the development these symptoms. Table 
shows these results. 

Another possible component that from the dorsal roots. study 
this the following experiments were performed. 

Unilateral labyrinthectomy followed ipsilateral section the 
dorsal cervical roots, and the same operations performed the reverse 
order. these operations the element the vestibular symptoms 
which was studied was the rotated posture the head. typical 
unilateral ear cases the chin was turned toward the opposite side. 
the presence such twist, the ipsilateral 2nd, 3rd and 4th dorsal 
cervical roots were sectioned intradurally there occurred either 
neutralization or, most cases, even reversal the twist that 
the chin came point either vertically downward toward the side 
the ear and root lesions. the dorsal roots one side were cut 
the chin pointed slightly toward the side the sectioned roots. 
some cases twist occurred, but the majority deviation perhaps 
degrees from the vertical was found. This was reversible subse- 
quent labyrinthectomy the same side, and the degree twist found 
result the labyrinthectomy was about the same that which 
resulted from labyrinthectomy otherwise intact animal. This 
experiment would seem show that least two components, one from 
the labyrinth and one from the dorsal roots, are involved the posture 
the head. This was commented upon the earlier paper 
Northington and Barrera. 

Bilateral section the dorsal roots followed 
labyrinthectomy.—-Three operations this type have been performed 
date. two them torsion the chin toward the opposite side 
occurred following unilateral labyrinthectomy. the third case some 
torsion the chin occurred toward the side the intact labyrinth. 

Bilateral section the dorsal cervical roots associated with 
unilateral vestibular nuclear lesions.—In two cases bilateral section 
the dorsal cervical roots, and the same time unilateral vestibular 
nuclear lesion were performed. far the posture the head was 
concerned there was difference between these animals and other 
animals which unilateral vestibular nuclear lesions were performed 
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otherwise intact animals. The typical results large unilateral 
vestibular nuclear lesions appeared. 

light the reports Henri [5], Aronovitch and Pike and 
Wilson and Pike [7] the importance cerebral components the 
vestibular symptoms, experiments have been and are being performed 
the relation lesions the motor area the cortex the symp- 
toms due vestibular dysfunction. These will reported later 
date. 

Northington reported case involvement the vestibular 
nuclear complex one side abscess which the patient showed 
typical symptoms characteristic sudden loss peripheral vestibular 
function that side, despite the fact that the patient apparently had 
had dead labyrinth that side for two years. are aware 
adequate experimentation has been made date account for such 
cases and other similar cases. Dohlman [9], working rabbits, found 
that after complete remission symptoms would occur following 
unilateral labyrinthectomy, subsequent section the 8th nerve the 
same side produced return the typical, acute, unilateral vestibular 
signs. concluded that impulses from Scarpa’s ganglion were con- 
stantly entering the central nervous system through the 8th nerve 
independent any impulses from the end organs the ear. Thus 
relative degree vestibular function could maintained even the 
absence the labyrinth itself. have failed note any change 
the symptoms the monkey when the 8th nerve one side was cut 
subsequent labyrinthectomy that side. 

Considerable variation exists from animal animal with regard 
the intensity the symptoms associated with unilateral labyrinthectomy. 
The question might raised whether this due involvement 
Scarpa’s ganglion some cases and not others, line with the 
hypothesis the importance the ganglion expressed Dohlman. 
Magnus also noted the great variation from animal animal the 
symptoms associated with unilateral labyrinthectomy, and claimed that 
the symptoms tended less degree the more carefully the operation 
was performed. our large series unilateral monkeys found varia- 
tions perhaps degrees the angle twist the head and the 
additional symptoms have always been definitely detectable. far 
have not been able correlate the variations the head posture with 
involvement Scarpa’s ganglion. The ganglion the monkey 
located practically the internal auditory meatus and may involved 


477 


VESTIBULAR PHENOMENA CENTRAL ORIGIN 


some cases labyrinthectomy and not others. some cases the 
labyrinthectomy may done with relatively complete sparing the 
ganglion. such cases, despite non-functioning labyrinth 
detected the caloric test, the nerve not degenerated. other 
cases the labyrinthectomy extends deeply enough damage destroy 
the ganglion with subsequent degeneration the nerve. Both classes 
show similar variations large group operations, and there 
correlation between the degree head torsion and the involvement 
differences between animals the functional importance similar 
cell fibre groups and thus that there may room for considerable 
variation the responses various animals the destruction these 
groups. 

seems that the present work the monkey and the earlier 
work Spiegel and Sato the dog, especially the basic experiments 
which unilateral vestibular nuclear lesions were performed subsequent 
bilateral labyrinthectomy, supply explanation for the possibility 
unilateral vestibular signs following loss labyrinthine nerve function 
the same reported Northington. This might simply mean 
that clinically involvement the associated vestibular nuclear 
complex may exist independently the labyrinth nerve and 
responsible for the symptoms. These experiments have shown beyond 
doubt that this the case inasmuch typical unilateral vestibular 
signs can occur even the absence functioning labyrinths 8th 
nerves. The case our material most resembling the clinical occurrence 
that which unilateral vestibular nuclear lesion was performed 
following the ipsilateral labyrinthectomy section the nerve. 
this case typical unilateral vestibular symptoms occurred subsequent 
the nuclear lesion even though considerable recovery had occurred 
following the initial operation. 

The question arose why such cases the symptoms associated 
with the nuclear lesion were more pronounced than those associated 
with the lesion nerve labyrinth. The suggestions developed that 
perhaps the representation the nuclei was bilateral, that other 
afferent impulses components enter the vestibular nuclear complex 
enabling carry vestibular function addition that mediated 
through from the vestibular organs themselves. The probability 
additional afferent components become even greater light the basic 
experiment which unilateral vestibular nuclear lesions were performed 
subsequent bilateral labyrinthectomy bilateral section the 
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nerves. these experiments the possibility vestibular components 
from the second end organ was eliminated and the symptoms resulting 
from the second operation must due involvement other com- 
ponents than those from the vestibular end organs. 

single element the typical vestibular syndrome failed appear 
the operation involving the nuclei subsequent bilateral vestibular 
peripheral loss. The typical nystagmus the opposite side occurred. 
The postural asymmetries and the motor asymmetries which appeared 
following this operation were degree definitely comparable those 
seen similar unilateral vestibular nuclear lesions otherwise intact 
animals. This would mean that the other afferent components playing 
the vestibular responses are all represented the nuclear 
complex responsible for the so-called vestibular manifestations. 

The nature the other afferents which seems necessary 
assume light the experiments still remains obscure. 

The first and probably best known anatomical components entering 
the vestibular complex addition those from the vestibular nerve 
comprise the fibres which enter the vestibular nuclei through the juxta- 
restiform system, mainly through the large myelinated fibres which lie 
medial the superior cerebellar peduncle, apparently connecting the 
roof nuclei the cerebellum with the vestibular nuclear complex. 
That there function associated with these fibres can 
seen from the work which reported last year which, after 
section these fibres one side found symptoms such nystagmus, 
falling one side, asymmetrical posture the head and asymmetries 
movement, which were the same type those associated with 
unilateral vestibular nerve nuclear lesions, but were much less 
degree and were opposite direction. The section these juxta- 
restiform fibres animal which both labyrinths had been previously 
removed produced symptoms identical those which one would expect 
from section these fibres otherwise normal monkeys. 
symptoms occurred with slight twist the head and 
nystagmus toward the side the lesion. This would seem indicate 
that the fibres question some extent carry into the central 
vestibular complex stimuli apparently independent the vestibular 
peripheral system. These stimuli may originate from the cerebellum. 
This type experiment proves conclusively the contention that inter- 
ference with stimuli other than those originating the peripheral 
vestibular apparatus may responsible for the reappearance vestibular 
symptoms the absence the peripheral vestibular apparatus. 
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There also the possibility components from the dorsal roots, 
section which had been considered importance the work 
Magnus and some our previous work. have been able 
demonstrate again that unilateral section dorsal cervical roots asso- 
ciated with unilateral labyrinthectomy produces definite modifications 
the labyrinthine effect. seems that dorsal roots undoubtedly play 
some part with regard the posture the head seen unilaterally 
labyrinthectomized monkeys, and the effect does not seem fixed 
when the lesion the roots bilateral. some our animals 
were able confirm the earlier work Magnus with regard the 
failure development some the postural asymmetries, especially 
that the head, when the labyrinth was removed subsequent 
section both sets dorsal cervical roots. one our cases, 
however, the usual typical asymmetrical posture the head developed 
following unilateral labyrinthectomy even though the 2nd, 3rd and 4th 
posterior cervical roots had been cut both sides previously. 
have not been able account for these variations except the basis 
the possibility that the various physiological components play roles 
varying degrees importance different animals. 

The section the dorsal roots does not, however, modify 
appreciable extent the effect subsequent unilateral vestibular nuclear 
lesions. cases where the roots had been previously cut both sides 
the typical marked asymmetrical picture the head resulted when the 
nuclear lesion was performed. may interesting note that 
section both sets roots associated with either the unilateral 
labyrinthectomy unilateral vestibular nuclear lesion produces much 
greater general disability the general behaviour the animal than 
does the labyrinthectomy, root lesion, nuclear lesion alone. 

far are aware conclusive proof has been given the 
anatomical existence myelinated fibres connecting the dorsal roots 
their nuclei with the vestibular nuclear complex. our animals 
with section various dorsal roots [10] and lesions the dorsal 
columns and dorsal column nuclei have not been able 
find the Marchi method any degenerating fibres entering the 
vestibular nuclear complex. Ranson [13] and his co-workers and 
Sherrington [14] their studies the distribution the upper 
dorsal and cervical roots, respectively the cat and monkey, likewise 
failed report any degenerating fibres the vestibular nuclear com- 
plex. our cases involving section the dorsal spino-cerebellar tract 
and restiform body [15] have likewise been unable far detect 
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degenerating fibres going into the vestibular nuclear complex. The 
fact that studies date have failed reveal myelinated fibres entering 
the vestibular nuclear complex does not course mean that many 
short and perhaps unmyelinated fibres are not present. This may 
possibly the case. 

The effects associated lesions area the stimulatable con- 
tralateral motor area, the symptoms produced unilateral labyrin- 
thectomy remain undecided the present time, but our impression 
that they are not very marked. 

more detailed investigation this source impulses other 
likely sources components from the deeper, more primitive structures 
the brain-stem, including possibly extra-pyramidal structures and 
centres the reticular formation the brain-stem, will gradually 
carried our future experimental work. 

(1) study was made the effects large vestibular nuclear 
lesions combination with various lesions the 8th nerve and 
labyrinth over twenty-five Macacus rhesus monkeys. 
phenomena observed were those commonly seen vestibular lesions 
peripheral type, including nystagmus, asymmetries 
asymmetries motion and inconstant changes tone and the 

(2) large vestibular nuclear lesion one side was found produce 
vestibular phenomena identical type those unilateral labyrinthec- 
tomy, unilateral section the 8th nerve, but greater intensity 
and longer duration. 

(3) light the inequality but essential similarity nuclear and 
peripheral lesions basic experiment consisting study the effects 
nuclear lesions following bilateral labyrinthectomy bilateral section 
the 8th nerve was made. such cases peripheral elements were 
completely excluded. these cases typical unilateral vestibular 
phenomena referable the lesion the vestibular nuclei one side 
appeared. intensity the phenomena approximated those found 
animals with large unilateral vestibular nuclear lesions alone the 
presence otherwise intact labyrinths nerves. the phenomena 
seen unilateral labyrinth, nerve, large nuclear lesions otherwise 
intact animals appeared these cases. 

(4) The development typical unilateral vestibular phenomena 
result nuclear lesions the absence labyrinths nerves indicated 
that other afferent components enter the vestibular nuclear complex and 
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help maintaining the central vestibular mechanism. The components 
which were first suggested included that the juxta-restiform system 
connecting the vestibular nuclei with the cerebellar roof nuclei, those 
associated with the posterior cervical roots, and those from higher 
motor centres. 

(5) Section the juxta-restiform fibres connecting the cerebellar 
roof nuclei with the vestibular nuclear complex had been shown 
produce typical vestibular signs. The signs followed section these 
fibres even though both labyrinths had been previously removed. 
Removal the labyrinths produced detectable change the 
symptoms associated with subsequent section the juxta-restiform 
fibres. 

(6) Various combinations lesions labyrinth, nerve and vestibular 
nuclei, with unilateral and bilateral lesions 2nd, 3rd and 4th posterior 
cervical roots, were made. 

general was found possible vary root lesions the position 
the head following peripheral vestibular lesions. However, such 
cases considerable variation occurred from animal animal and the 
possibility suggested that the various components play roles 
varying degrees importance different animals. section 
the posterior cervical roots did not affect any way the development 
the typical vestibular phenomena the region the head produced 
large unilateral vestibular nuclear lesions. 

(7) Various combinations lesions the ear and higher motor 
centres were made, but the results have not been found conclusive 
date and the experiments are being continued. 

(8) The most important general result the work has been show 
that typical unilateral vestibular phenomena can produced vesti- 
bular nuclear lesions the monkey, even though both labyrinths and 
nerves have been previously eliminated, thus confirming the findings 
and Sato the dog. feel that these experiments may 
serve experimental basis for understanding the presence 
unilateral vestibular signs patients with dead labyrinths 8th nerves 
the side which the symptoms are referred. 
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STUDIES THE EXISTENCE PARAPHYSIS 
MAMMALIAN 
KNUD KRABBE (COPENHAGEN, DENMARR). 


INTRODUCTION. 


THE name was given Selenka 1890 vesicular 
formation which develops from the 1887, 
observed the same formation and described under the name 
however, must have the credit for 
having pointed out that the paraphysis independent formation, and 
probably rudimentary sense-organ. Selenka was inclined see 
certain homology between the paraphysis and the acoustic organ 
ascidias. 

The paraphysis situated between the dorsal sac the diencephalon 
and the supraneuroporic plate the fore-brain. Selenka supposed that 
the paraphysis developed from the fore-brain, but other authors 
regarded part the diencephalon. 

Several authors have described paraphysis fishes, amphibia and 
reptilia. have investigated its embryological development gongylus, 
lacerta, chelydra, chrysemys and alligator. These examina- 
tions confirmed the belief that the paraphysis develops sauria, 
chelonia and ophidia uniform formation. only crocodiles, 
which have pineal organ, that the paraphysis has different character. 
the other reptiles develops the early stages foetal life, i.e. 
about the same time the epiphysis. seen small diverticle 
which gradually develops into posteriorly directed oblong tube, resting 
posteriorly the dorsal sac. During embryonic life the walls the 
paraphysis consist unistratified ependyma, generally cubical cells. 
This ependyma differs from that the dorsal sac and the choroid 
plexus. not consider the paraphysis related the choroid 
fact believe that Selenka correct assuming relation- 
ship between the former and the acoustic organ tunicates. 

addition descriptions the paraphysis fishes, amphibia and 
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reptilia, there are few accounts this organ bird embryos. 
one, however, has systematically examined the paraphysis mammals, 
and the few descriptions are mostly human 
writes (without any further description): Bis habe ich die 
Paraphyse bei Embryonen von Haifischen, Reptilien und Beuteltieren 
(1894) observed well-characterized paraphysis 
human embryos about twelve weeks. 

1896 (quoted from observed the paraphysis 
the form single fold. does not believe the paraphysis 
present adult mammalian brains. 

Werkman (1913) examined the brain embryos vesperugo, 
erinaceus and talpa. found the limit between diencephalon and 
telencephalon diverticulum (recessus paraphyseos). From this divert- 
iculum arose prolongation, probably corresponding the paraphysis 
lower vertebrates. 

The first detailed description paraphysis the human embryo 
was given Percival Bailey 1916. his discussion Bailey says: 
Just front the velum each embryo small arch 
(figs. 18, and p.d.), relatively largest the mm. embryo, and 
smallest the mm. embryo. each case lies immediately 
front the velum transversum. each case also, the lateral choroid 
plexus arises from its sides. There can doubt that this the 
paraphyseal arch. indication the development glandular 
structure could found. The resemblance the paraphyseal arch 
the mm. embryo that the mm. cat and twenty-hour chick, 
described Tilney, and mm. embryo platydactulus mauritanius 
Tandler and Kantor, rather (1919) found 
human embryos (17-27 mm., possibly mm.) 
immediately front the limit between diencephalon 
cephalon. regarded this evagination paraphyseal formation. 
confirmed the findings Werkman vesperugo and myotus 
murinus. Broman, his book the development man, 
illustrates fig. 327 formation which resembles the paraphysis 
median section through the head human embryo mm.). 

The question about paraphysis man presents certain neuro- 
surgical interest. (1910) and Kessel and Olivecrona (1936) 
suggest that possibly cysts the foramen Munro take their origin 
from rudimentary embryonal paraphysis. 

order try discover organ identical with the parapineal 
organ parietal eye, have systematically examined mammalian 
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embryos. certain stages the life some animals (talpa, 
lepus, spermophilus, equus, canis, lobodon and possibly vespertilio, 
dasypus and phocena), found formation which possibly corresponds 
the prepineal organ lower vertebrates. This suggested that some 
mammalian embryos might possibly have rudimentary paraphysis. 

have therefore studied the paraphyseal region the splendid 
material the Tornblad Institute for Comparative Embryology 
Lund, Sweden. wish express most cordial thanks Doctor 
Tornblad, founder the Institute, and Professor Ivar Broman for 
permitting examine the preparations. 

Definition order decide whether formation 
present mammalian brain corresponds the paraphysis reptiles, 
first all necessary have clear definition the paraphysis, 
and the second place realize what errors are possible the 
attempt identify it. 

the first place must remembered that the paraphysis 
situated the median sagittal plane, the transitional area between 
the anterior part the dorsal sac and the postero-superior part the 
supraneuroporic lamina. Further, tubular, saccular disc-shaped, 
and must point outwards towards the ectoderm. 

One possible error due the fact that many reptiles and 
some mammals and birds, the dorsal sac presents anterior and 
posterior recess. latter corresponds what sometimes called 
the suprapineal recess. many mammalian embryos (even reptiles) 
the dorsal sac, which posteriorly has level slightly uneven roof, 
compressed from side side its anterior end, and, this compressed 
part the anterior recess cut may appear sections 
formation issuing from the roof the brain. Only examina- 
tion reconstructions serial sections can show that this apparently 
tubular form due the section having passed through the anterior, 
compressed part the dorsal sac. 

The same condition found the supraneuroporic lamina. 
some embryos flat, but others there keel-shaped prominence 
part its extension into the median sagittal plane. single 
sections this may appear tubular evagination. 


MATERIAL AND TECHNIQUE. 
Nearly all the embryos were fixed formalin Bouin’s fluid and 
stained according Hansen’s hematoxylin-eosin method. Most the 
preparations were cut frontally, only few sagittally. order 
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determine the form the paraphysis, wax cardboard reconstructions 


were made the paraphyseal region several them. 
was possible examine only one echidna embryo 
(or pouch-young) 20°2 length. The anterior part the dorsal 
sac was prolonged forwards form round tube about mm. 
length and about diameter. The recess was filled choroid 
plexus. The anterior end the recess also showed three small evagi- 
nations. Neither the recess nor these evaginations can considered 
homologous with the paraphysis, but further examinations smaller 
embryos would necessary draw definite conclusions. 
collection contained well prepared embryos 


length. 


Embryo mm. length. Magnified 200. Transverse section 
through the paraphysis. 


Fic. 1.—Phascolarctus. 

the mm. long embryo, front the anterior part the 
dorsal sac, formation which might possibly identical with the 
paraphysis was observed. was not, however, hollow, but solid, 
pyramid-shaped protuberance from the roof the brain, with keel- 
shaped prolongation forward into the supraneuroporic plate. 

None the other oppossum embryos showed any trace paraphysis. 

The embryos other marsupials which were examined were 
Didelphys paraguayensis (5°5 mm.), Didelphys (9°5, and 
Didelphys aurola (13 mm.), Phascogale mm.) and Marmosa 
some the didelphydes the dorsal sac presented 
small anterior recess, but none the above-mentioned marsupials 
was there any formation that could interpreted paraphysis. 

mm. long embryo (or pouch-young) Phascolarctus showed 


some interesting features. 
the transition between the anterior part the dorsal sac (which 
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had anterior recess) and the supraneuroporic lamina, small, hollow, 
button-like was seen the median sagittal plane. Its 
cavity communicated with the ventricle. Its walls consisted 
unistratified ependyma short cylindrical cells, the nuclei which 
were round oval and radially placed. The cells the side the 
cavity were provided with membrane. 

Its diameter was about its length from the posterior the 
anterior end was was directed posteriorly (fig. 1). small 
button-shaped evagination between the posterior commissure and the 
commissure indicated the rudiment the pineal. The dorsal 
sac, between the pineal gland and the possible paraphysis, was 
considerable length. 


Fic. Embryo mm. length. Magnified section, 
false paraphysis,’’ anterior recess the dorsal sac. 

possible that this formation was one the small evaginations 
which occasionally develop from the roof the brain. view its 
position and form, however, not unlikely that really 
rudimentary paraphysis. 

examined Vespertilio embryos 6°5, 7°6, 
and mm. length. 

the smallest embryos the transition from the dorsal sac the 
lamina supraneuroporica was smooth and without any anterior recess 
paraphysis. embryos, 7°6 and mm. long, the posterior part 
the dorsal sac was flat slightly arched, the anterior part being com- 
pressed from side side. The anterior end presented sagitally 
compressed recessus anterior. This typical example how the 
examination single section can give the false impression the 
existence paraphyseal formation (fig. 2). 
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Rodentia.—The following rodent embryos were examined, Cavia 
cobaya and mm.), Lepus cuniculus and9°5 mm.), 


mm.). 
the Cavias the dorsal sac presented small anterior recess, but 


none these embryos had paraphysis. 

The collection the Tornblad Institute contained extraordinarily 
fine group embryos Spermophilus. examined embryos 
published account the development the pineal body these 
The first trace found the mm. embryo 
tubular formation arising from the diencephalic roof and directed 
towards the ectoderm. the Chiroptera, the posterior part the 
dorsal sac slightly arched, the anterior part being scaphoidly com- 
pressed. some the embryos (7, and mm.) this anterior 
part the dorsal sac presented small button-like excrescences. 


paraphyseal formation was found between the dorsal sac and the supra- 


embryos. 


neuroporic lamina. 
mm. long embryo showed small anterior recess 


dorsal sac, but paraphysis. mm. long embryo 


there was neither paraphysis nor anterior recess. 
embryos Sus scropha, 7°2, 10°5, 14, and 
mm. long, paraphysis was seen. 
two embryos Equus caballus, and mm. length, 
sufticiently accurate examination was not possible. 
embryos Capreolus caprea and 18°6 mm.) Ovis (25°5 


mm.) and Bos taurus 15°5, and mm.) paraphysis 
was observed. 
Cervus dama (26 mm.) presented rather large anterior recess but 


paraphysis. 
Edentates.—In embryos Bradypus (20 mm.), Dasypus 


discovered. 
Tatusia peba the dorsal sac was prolonged narrow slit-like, 
sagittally situated anterior recess, but there was paraphysis. 
Pinnipedia.—Embryos Lobodon (13, and 62°5 mm.), Leptony- 


chotes (23 mm.) and Phoca vitulina (48 mm.) had very large 
anterior recesses from the dorsal sac, but paraphysis was observed 


any them. 


Carnivora.—Felis domestica. mm. embryo trace 
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epiphysis paraphysis was observed. mm. embryo the anterior 
part the dorsal sac was compressed from side was pseudo- 
tubular isolated sections, but paraphysis was seen. 

The mm. embryo presented more peculiar appearance. The 
anterior recess the dorsal sac had either side low evagination, 
and between these short tubular saccular projection was seen (fig. 3). 
possible that this formation was identical with the paraphysis, but 
could not proved. mm. embryo presented similar 
diverticulum, but was more tubular saccular form. 


Fic. 3.—Felis domestica. Embryo mm. length. Transverse section, paraphyseal 
formation (below the two anterior evaginations the dorsal sac). 


embryo Canis, mm. length, there was small 
anterior recess but paraphysis. 

embryos Pithecus cutellus, 8.7 mm. 
paraphyseal formation was observed. 

embryo, mm. length, Brachyurus melancephalus had 
small formation the paraphyseal which deserved considera- 
tion. was hollow, cellular formation with folded walls the same 
structure the roof the diencephalon. was situated outside the 
roof the brain and separated from thin layer mesenchyma. 
had communication with the roof. possible analogous 
with the paraphyseal formation observed some other mammals. 

Hapale embryo, mm. length, there were small excrescences 
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from the roof the brain, but the preparation was badly preserved 
definite conclusions could drawn. Further examinations well- 
prepared material are needed. 

smallest embryos examined, 11, 14, and mm., 
showed sign paraphysis, but embryos 21, 22°5 and 25°5 mm. 
length presented formation which seemed correspond the 
paraphysis lower vertebrates. 

the mm. embryo cut frontally (fig. 4), just front the 
anterior end the dorsal sac, small button-shaped evagination, 
growing outward from the upper part the supraneuroporic lamina, 
was seen. walls these evaginations were somewhat thicker than 


Embryo mm. Magnified section, paraphyseal 
formation. 


those the adjacent parts the brain-roof. They consisted cells 
with oblong nuclei, arranged radially four five rows. The form 
the nuclei varied: some were short, other more rod-shaped. 
the whole, the nuclei did not contain much chromatin. The structure 
the wall this paraphyseal formation differed from the ependyma 
the dorsal sac, well from the ependyma the choroid plexus. 
embryo, 22°5 mm. cut the sagittal plane, presented 
similar picture (fig. 5). The oblong nuclei, which contained little 
chromatin, were arranged three four rows. The protoplasm was 
most abundant those parts the cells adjoining the cavity. may 
mentioned that this stage development the pineal body had 
double consisting massive anterior part the front 


wall the evagination. 


The embryo the same that described Broman’s book. 
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embryo, mm. length, had evagination paraphyseal 
nature (fig. 6). The anterior part the dorsal sac presented bilateral 
anterior recess directed forwards, similar that seen the cat. 


Fic. 5.—Homo. Embryo mm. Magnified section, paraphyseal 
formation. 


little front and between these two evaginations, the roof the 
brain was elevated form hollow tap-shaped prominence which 
was directed forwards; its cavity did not appear communicate with 


Fic. 6.—Homo. Embryo mm, length. 


the ventricle the brain. The walls consisted ependyma with 
three four rows oblong, radially placed nuclei, which were poor 
chromatin. The protoplasm was arranged the two former 
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embryos. Even this embryo the ependyma differed from that 
the dorsal sac and the choroid plexus. 

the older embryos (29, 35, 35°5, and mm. respectively) the 
dorsal sac had anterior recess from the wall which several more 
less irregular prominences projected. front the dorsal sac, 
however, there was evagination corresponding rudimentary 
paraphysis. 

SUMMARY. 

Examination extensive collection mammalian 
was undertaken for the purpose determining the existence 
(rudimentary) paraphysis. The following results were obtained 

the majority the embryos examined there was not found 
any stage formation which might regarded rudimentary 
paraphysis. This particularly true with regard complete series 
Spermophilus and Vespertilio embryos. many embryos the anterior 
wall the dorsal sac, i.e. the recessus anterior, forms cupular 
prominence which might mistaken for paraphysis. three 
mammals there were structures which required more detailed study. 

mm. long embryo Phascolarctus there was found the 
transition between the anterior part the dorsal sac and the lamina 
which corresponds the site the paraphysis 
reptiles, tubular formation issuing from the roof the brain which 
was directed backwards. impossible prove with certainty that 
this corresponds the paraphysis reptiles. many vertebrate 
embryos there are evaginations from the roof the brain, but when 
the diencephalon Phascolarctus compared with that reptiles, and 
when take into account the position and development this structure, 
presents striking resemblance the paraphysis reptiles. 

and mm. long cat embryos, several other embryos, 
both sides dorsal sac had evaginations which pointed forward. 
3etween these there was saccular thin-walled evagination from the 
roof the brain which was possibly rudimentary paraphysis. 

Finally, the paraphyseal region man presents striking features 
previously observed Percival Bailey and Ivar Broman. several 
embryos about mm. (seventy-five days) outwardly directed 
evagination was visible the place transition between the dorsal 
sac and the supraneuroporic lamina. The form and position this 
evagination indicates that rudimentary paraphysis. is, 
however, only transitory structure, but striking that certain 
stage development even man seems have this phylogenetically old 
formation which has probably disappeared most other mammals. 
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PERIODIC SOMNOLENCE AND MORBID HUNGER: 
NEW SYNDROME. 
MAX LEVIN. 


(Harrisburg State Hospital, Harrisburg, Pennsylvania). 


DEFINITION THE SYNDROME. 

THE purpose this paper call attention syndrome 
characterized recurring periods somnolence and morbid hunger, 
and suggest possible explanation the cause this syndrome 
based clinical and experimental data the relation the frontal 
lobes gastro-intestinal motility. 

periodic somnolence mean somnolence lasting days weeks. 
There are other cases somnolence which the attacks last several 
minutes these cases should not confused with those about 
discuss. 

the cases with which are here concerned, then, there are 
attacks sleepiness lasting from several days several weeks. The 
longest recorded was three months. the attack the patient 
sleeps excessively day and night, extreme instances waking only 
eat and the toilet. can always roused. When roused 
usually irritable and wants let alone that can back 
sleep. abnormally hungry and eats excessively. These attacks 
are separated intervals normal health. the two main 
symptoms, somnolence and hunger, there are 
symptoms mentioned later. 

Ten cases this syndrome have been reported. They may 
divided into seven good and three cases. 

cases.—Kleine (1925) reported five cases periodic 
somnolence. Cases and there was increased appetite during the 
attacks. 

Kleine’s Case Male, 17. The first attack occurred 13} years. 
Six attacks had occurred the time the article was written. The first 
lasted three weeks, the second several days, and the remaining four 
about ten days each. During the attacks the patient slept almost all 
the time, and, when awake, complained headache and fatigue and 


was abnormally hungry. 
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Kleine’s Case The first attack sleepiness occurred 
15. The number attacks not given. three them was 
under medical observation. These three lasted five days, two weeks 
and two weeks. The patient was sleepy, restless and complained 
fatigue and dizziness. Hunger mentioned the 
description the last attack; was noted that had increased 
appetite and stole the food fellow-patient. 

Lewis’ Case (1926). Male, 12. The patient had five attacks, the 
first 10. They lasted from two weeks three months. They were 
the main similar and characterized weakness, dazed facial 
expression, gluttony and 

Levin’s Case (1929). This was boy studied the Henry Phipps 
Psychiatric Clinic. shall not repeat the details already published, but 
shall summarize certain features the case and shall report the 
outcome. 

The first attack occurred 16. There were nine all. The 
following table shows the date and duration each, and the length 


the intervals. 


Date Duration val 
May, 1925 weeks weeks 


series letters, the last which was written June 24, 1935, 
the patient’s mother reported that there were further attacks. The 
ninth and last attack was the mildest all. 

his attacks the patient was dull and sleepy. the first few 
days the attack slept constantly, and woke only eat and 
the toilet. the remainder the attack slept much day, though 
not constantly, besides sleeping through the night. appetite was 
enormous: ate large meals and much between meals. 

Ever since the last attack has been perfect health. 
perhaps significant that the six months after the last attack was 
under active dental treatment and had six teeth extracted. have had 
report from his dentist. letter February 14, 1934, his mother 
said weighed 150 (as compared with 121 and 131 his two 
admissions the Phipps Clinic 1926). her last letter, June 24, 
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1935, she said just fine, never sick, has had attacks sleepi- 
ness, weighs 150 works steadily. years old and 
has been married two 

Daniels (1934), after referring case, gave brief account 
similar case his own. youth, aged 18, had had four similar attacks 
about the same length during the two years preceding his admission 
the clinic. (He) was docile otherwise, but was difficult 
manage during the attacks, and, like Levin’s patient, had ravenous 
appetite. When seen the clinic toward the end period 
somnolence, appeared dull and apathetic, but was nevertheless restless 
and would not co-operate very 

Kaplinsky and Schulmann (1935) have published two articles bearing 
this discussion. Case their first article, and Case their 
second, may regarded cases. 

Case their first article, that young man who began 
have periods somnolence report covers five years, during 
each which had the following number attacks: and 
They usually lasted from one three weeks; one the early ones 
lasted six weeks. The authors make three references his extraordi- 
nary appetite. Thus, during attack which they observed, eats 
much, asks for apples, and devours them large 

Case their second article, that young man who had his 
first period somnolence the time the article was written 
had had five attacks, November, 1930, December, 1930, March, 
1932, April, 1932, and January, 1934. They lasted from five seven 
days. Increased appetite mentioned the account the first attack 
only: ate more than usual. one brought him 
bolted avidly and even seized the food other (page 348). 

and Schulmann’s first article deals 
with four cases. Two these are their own. The other two were 
reported Russian journals Anfimoff (1898) and Kanabich (1923) 
respectively. have already cited their Case case, 
The remaining three, because meagreness details concerning 
appetite, are put down here doubtful. Speaking their Case 
Kaplinsky and Schulmann say only that her first attack somnolence 
the patient rather often asked for and drank their account 
two later attacks, which they studied her, they make mention 
morbid hunger. Indeed, concerning one these attacks, they say 
must repeatedly awaken her and coax her their 
extended summary Kanabich’s case there mention appetite. 
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their briefer summary Anfimoff’s case, the only statement about 
appetite that the patient recalled that his first attack his appetite 
was which means excellent without necessarily 
implying excessive. Nevertheless should noted that their 
discussion these four cases taken group, Kaplinsky and Schulmann 
say that all four there was increased appetite. 


PATHOGENESIS THE SYNDROME. 

The best clue the pathogenesis periodic somnolence-hunger 
crude but convenient designation for the syndrome under discussion— 
lies recent experimental work lower animals Fulton and others 
which, taken together with clinical evidence human beings, demon- 
strates the existence the frontal lobes centres which regulate 


gastro-intestinal motility. 

Fulton and his co-workers |7] found that after bilateral removal 
parts the frontal monkeys and chimpanzees there increase 
appetite, which sometimes involves the ingestion two three 
times the normal amount food, and despite this circumstance the 
animals generally lose elevation the basal metabolic 
rate was found which might explain this increase appetite [8]. 
Moreover, animals thus treated intussusception appeared with 
significant frequency cause death Mettler and his 
co-workers, working with cats, found that removal frontal cortical 
tissue leads gastro-intestinal hypermotility 
scopically after barium meal. Thus evident that the frontal 
lobes lower animals contain centres which inhibit gastro-intestinal 
motility, and loss which produces excessive motility the gut and, 
consequence, increased hunger. 

circumstance which first thought might seem variance 
with the foregoing conclusion the fact that hyperperistalsis and 
intussusception may also produced stimulating certain frontal 
areas 24]. But, Fulton has pointed out [8], this somewhat 
surprising paradox harmony with the belief that the cortex contains 
both excitatory and inhibitory elements, and that the result stimula- 
tion from any given point necessarily algebraical summation 
The foregoing conclusion may therefore permitted 
stand. 

These experimental data lend great significance series human 
cases which morbid hunger was observed association with injury, 
abscess and tumour the brain, especially the frontal lobes. These 
cases will mentioned briefly. 
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Stephen Paget (1897) described fourteen cases voracious hunger 
and thirst from injury disease the thirteen them being 
cases culled from the literature and one case reported himself 
1891. eleven there was severe head one, suppuration 
the ear and petrous bone; one, cerebral abscess following otitis media, 
and the last, cerebral embolism. 

Four more traumatic cases were subsequently reported; one 
Sollier and Delageniére; one Perimov (cited Bechterew [3], 
vol. page and two Brouwer (cited Frazier). 

There are five cases tumour. Case that boy who 
had ravenous appetite the last week his life. Autopsy showed 
tumour the frontal lobe. Spiiler’s Case there was 
tumour the pons. Frazier’s paper, dealing with tumours the 
frontal lobes, special interest. his series 105 cases, three 
showed morbid hunger: Cases and which the tumour was 
limited the frontal lobe, and Case which the temporal lobe also 
was involved. 

considering the pathogenesis the syndrome must account 
for the presence two symptoms, morbid somnolence and morbid 
hunger. view the experimental and clinical evidence already cited, 
there possibility that the morbid hunger may caused paralysis 
those frontal centres which inhibit gastro-intestinal motility. 
somnolence disputed problem. Many writers assume necessarily 
points lesion the “sleep the neighbourhood the 
3rd ventricle. This seems too narrow view. ‘The characteristics 
sleep suggest not only disturbance certain lower centres, but 
the highest centres well. When one asleep his comprehen- 
sion events the external world dulled not 
thinking reduced primitive level (dreams) and voluntary move- 
the highest cerebral centres. Therefore, considering the nature 
sleep illogical confine attention subcortical sleep centre; the 
highest centres too deserve attention, since they obviously are 
abeyance. This statement, which is, think, self-evident, powerfully 
supported Pavlov’s demonstration that sleep there widespread 
cortical inhibition. 

not deny that some cases lesion the sleep centre the 
probable cause morbid somnolence, but equally probable that 
other cases morbid somnolence may caused abnormal exhaustibility 
the highest cerebral centres. This matter was 
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discussed more fully paper the role the cerebral cortex 
narcolepsy and need not gone into further here. all the 
possible explanations that suggest themselves for the syndrome 
periodic somnolence-hunger, the simplest (since would account for 
both symptoms, somnolence and hunger, single lesion) to-assume 
state undue inhibitability the highest cerebral centres, including 
those frontal centres, which inhibit gastro-intestinal motility. These 
inhibitable exhaustible, and now and then they become exhausted 
circumstance which gives rise morbid sleep and hunger, which 
persist until they have recovered from their exhaustion. 


INCIDENTAL FEATURES THE SYNDROME. 

Certain incidental features may now mentioned. Though 
incidental, they are important for understanding the mechanism 
the syndrome. 

somnolence-hunger occurred five the seven cases 
(Kleine’s Cases and Lewis; Levin; and Daniels). This unrest, 
well other symptoms mentioned presently, are shown 
not much when the patient asleep when temporarily 
wakes up. 

the hypothesis offered above regarding the pathogenesis periodic 
somnolence-hunger, the occurrence motor unrest this syndrome 
easily explained. One the principles the physiology the 
highest cerebral centres that they inhibit the activity lower centres, 
and that paralysis the highest the lower. Paralysis 
the highest motor centres may thus produce motor hyperactivity. 
Hughlings Jackson offered this principle explanation motor hyper- 
activity occurring variety disorders. Thus, the excitement 
epileptic after fit and that man intoxicated with alcohol are 
alike due the release lower centres from the control higher 
centres that have been paralysed, the one case from post-epileptic 
exhaustion, the other from the poisonous action alcohol. Directly 
bearing the problem under discussion the fact that Fulton [7], 
the experiments with monkeys cited above, found 
removal certain frontal areas produces (besides the excessive appetite 
already mentioned) marked restlessness. 

Mental symptoms.—These include excitement, irritability, difficulty 
thinking, forgetfulness, incoherent speech and hallucinations. They 
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occurred varying extent all the seven cases (see accom- 
panying table) and were conspicuous some. emphasized 


TABLE. 


CASES CASES 


1's first | 


Kaplinsky and 


Anfimoftt 


Kleine's Case 3 
Levin 
Daniels 


Lew Is 


| 


Sex 

Incidental symptoms the attacks 


Excitement 
Irritability 
Difficulty thinking 
Forgetfulness 
Incoherent speech 
Hallucinations 


that mental symptoms and motor unrest occurred only during the 
attacks somnolence-hunger the intervals there were symptoms 
whatever. 

would beyond the scope this paper consider detail the 
pathogenesis these mental symptoms. will suftice make the 
general statement that certain mental symptoms presuppose some degree 
paralysis the highest cerebral centres. This follows from the view 
which Jackson never tired asserting, viz. that mind immaterial 
thing whose manifestations are concomitant with processes material 
substrate (the highest cerebral centres, the organ have 
already discussed this matter some length two papers the 
psychiatric application Jackson’s theories 16]. shall 
merely suggest that periodic somnolence-hunger the inhibition the 
highest cerebral centres that can explain attack somnolence can 
also explain the mental symptoms that occur the attack. 

Insomnia the close attack.—In five the cases 
(Kleine’s Cases and Levin; Case Kaplinsky and Schulmann’s 
first paper, and Case their second) and one the 
(Case Kaplinsky and Schulmann’s first paper) was noted that 
sometimes the close attack somnolence-hunger there was 
insomnia for the greater part one night. Two these cases will 
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cited illustration. patient’s fourth attack began clear 
January 1926, when said, “I’m beginning come out 
continued sleepy and irritable. January for the first time 
this attack, found hard fall asleep night, and lay awake 
reading until a.m. January after which slept six hours. 
When awoke, was evident from his bright, alert and agreeable 
manner that the attack had reached its close. said feel 
woke again.” Subsequent observation showed that the attack was 
over. Case Kaplinsky and Schulmann’s second paper, the 
attack November, 1930, began ease the afternoon the 
seventh day. The patient felt better but had desire get until 
evening, when felt perfectly restored. spent the evening con- 
versing with fellow-patients, and could not fall asleep until daylight. 
The same thing happened the attack January, 1933. 

similar observation was made chloride intoxication 
Baker. Industrial workers exposed methyl chloride for long time 
develop neurological symptoms, including pronounced somnolence, 
which clear when the exposure stopped. Baker noted that 
the symptoms intoxication diminished, persistent insomnia occurred 
fifteen (out twenty-one) cases, which necessitated the use 
(Incidentally there mention morbid hunger 
these cases.) 

Evidently long continued inhibitory state may followed 
state which inhibition temporarily impossible. Inhibition self- 
correcting, the sense that while the inhibitory state nerve cells 
undergo reparative changes which eventually cause the lifting the 
inhibition and, for certain length time, prevent its return. But 
the manner which this occurs not known. Nothing known 
the physical and chemical changes that occur nerve cells when they 
pass into, out of, the inhibitory state. 

Sex; onset.—Data these points are striking. All the 
seven cases and two the three doubtful’’ were males 
(the exception being Case Kaplinsky and Schulmann’s first paper). 
The age onset was, without exception, the second decade (see 
table). 

Onset soon after acute illness—In four cases (three the 
and one the the first attack somnolence- 
hunger occurred soon after acute illness. The facts are these: 
(1) Kleine’s Case the patient was laid August, 1918, with 
illness resembling which lasted ten twelve days. When 
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got the end this illness became confused and talked and 
acted foolishly. This lasted eight ten days and was followed 
complete recovery. month later there occurred another attack, 
designated sleep attack. the third attack, month 
later, morbid hunger was noted for the first time. noteworthy 
that the patient then remained well for almost three years, until August, 
1921, when had his fourth attack. (2) the case which have 
reported (1929) the patient, April 24, 1925, took part athletic 
meeting the rain. April complained sore throat and felt 
feverish. physician diagnosed tonsillitis. April complained 
severe occipital pain and tossed bed until midnight. April fell 
asleep without May felt well enough attend 
banquet the evening. his return home was taciturn, which 
was unusual for him. May continued taciturn. May p.m., 
fell asleep and slept all afternoon, evening and night. This was the 
beginning his first attack somnolence-hunger. (5) Daniels’ case 
the first attack occurred soon after recovery from influenza. (4) 
one the cases, reported Kanabich and cited 
Kaplinsky and Schulmann their first paper, the first attack came 
during convalescence from measles. 

Kleine’s Case one the attacks (not the first) occurred soon 
after antityphoid inoculation. 

Improvement and cure.—In most the cases there was little 
improvement the time they were reported. contrast, two 
cases there was marked improvement indicated diminution the 
frequency attacks, while third and possibly fourth they ceased 
entirely. 

Cessation the attacks occurred case. The patient’s last 
attack was December, 1928, and subsequent reports, the last 
which was June, 1935, showed that had continued uninterruptedly 
well. During the six months that followed the last attack received 
active dental treatment and had six teeth extracted. therefore 
possible that focal infection played role causing the lesion his 
highest cerebral centres. But glance the table page 495 will 
show that from the beginning there was progressive lengthening the 
intervals between attacks, that also possible that the cure was 
spontaneous. 

Kleine’s Case had attacks the one and half 
years that followed the last. The subsequent course not known. 
Striking diminution frequency, but not cessation, attacks 


PERIODIC SOMNOLENCE AND MORBID HUNGER: NEW 


occurred the two cases reported Kaplinsky and Schulmann their 
Case the number attacks successive years the disease was 


HUNGER RELATION BRIEF PAROXYSMS SLEEP. 


Reference may made two cases which there was hunger 
relation paroxysmal somnolence—cases which the attacks 
last only few minutes. Daniels mentioned narcoleptic child 
who complained hunger immediately before his attacks 
Devic’s Case the other hand, that narcoleptic who often 
complained hunger waking from sleep attack. cases 
may understood one remembers that the component parts the 
highest centres not always proceed simultaneously their passage 
into, recovery from, inhibition. 


SUMMARY. 


From the literature are cited seven cases what may called 
usually lasting several days weeks, which the patient excessively 
sleepy and hungry. these cardinal symptoms, the attacks may 
further marked motor unrest and mental symptoms (irritability, 
tions). All these symptoms vanish the intervals between attacks. 
The seven cases were all males, and each the onset was the 
second decade. three the onset occurred soon after acute illness 
(respectively, sore throat with fever, and 

Fulton and others have shown that the frontal lobes contain centres 
which inhibit gastro-intestinal motility, their excision causing increased 
appetite, gastro-intestinal hypermotility and intussusception. These 
centres form part the highest cerebral centres, more specifically, 
the highest motor centres. The hypothesis offered that periodic 
bility the highest centres. untimely and prolonged inhibition 
these centres will explain the manifestations the syndrome. 
Inhibition the highest cerebral centres will explain the somnolence 
and the mental symptoms; inhibition the centres described 
Fulton, the hunger and the motor unrest. 

Excessive inhibitability the highest centres probably the result 
some alteration their component cells. 
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Notices RECENT PUBLICATIONS. 


The Comparative Anatomy the Nervous System Vertebrates, 
New York: The Macmillan Company. 1936. 
Two Volumes. Pp. 1,845. Price 3s. 

The appearance sixteen years ago Vergleichende Anatomie des 
Nervensystems was important event the study the structure the 
brain, for bringing together all that was then known the anatomy 
the nervous system, and adding from his own unrivalled experience 
its comparative morphology, provided textbook which the phylogenetic 
history and the development each portion the nervous system was clearly 
presented. The volume under review originated from endeavour provide 
English translation Kappers’ textbook, but while this progressed many 
additions necessary further knowledge accumulated that was 
decided rewrite almost all the chapters. The original plan has been, how- 
ever, followed, but most the sections have been extended and large number 
new illustrations are included. The bibliography has been brought 
date and the method reference the text has made easier identify 
authorities quoted. 

The first volume opens with chapter the evolution and morphology 
the nervous elements, consideration the laws that determine the 
building the nervous system. also with the spinal cord, medulla 
and cerebellum. The anatomy the important structures contained the 
mesencephalon and diencephalon great detail and richly illus- 
trated the first part the second volume, the rest which devoted 
the forebrain all vertebrate classes and particularly man. From these 
chapters the reader can obtain, nowhere else, clear picture the 
evolution the structure the central ganglia well the cortex, and 
though deductions from structure function are always risky, acquaintance 
with the history organ cannot but broaden the student’s 
conception its mode working. this lies the practical utility such 
comparative anatomy, but here presented also fascinating study. 
The volumes are excellently written and arranged, and the text and illustra- 
tions reflect credit the publishers. 


Paris: Masson Cie. 1935. Pp. 524. Price Fr. 

Although primarily devoted study astereognosis this monograph is, 
fact, review our present conception the physiology sensation, for 
almost ali its components may concerned the faculty recognizing the 
form objects, identifying them, touch handling. 


505 


506 NOTICES RECENT PUBLICATIONS 


The author starts with analysis the conditions under which 
astereognosis occurs, discusses the pathogenesis each and its significance 
topographical diagnosis. When unaccompanied loss any the 
elementary forms sensation the disturbance the intellectual level and 
essentially agnosia, but the more common types there always some 
sensory defect, either the spatial functions, which terms morphognosis, 
the recognition specific qualities the test objects, which speaks 
hylognosis. follows closely Sir Henry Head’s observations and con- 
and differs from them minor details only. recognizes the 
important part the production astereognosis which may played the 
lability threshold and perseverations responses which were first shown 
Head and his characterize cortical lesions, and which were 
later German authors The significance 
stereognosis the that the recognition the whole 
precedes that its parts, and the ordinary view, that knowledge the 
whole arrived the intellectual synthesis the separate impressions 
excited it, are discussed, and the nature tactile adequately 
dealt with. 

The monograph suffers from the fact that the greater number the 
observations used the author his arguments were collected from the 
literature, for the delicate task investigating sensory abnormalities much 
depends the personal equation, but can strongly recommended 
excellent and readable presentation our present views the organization 


sensation. 


Preface Nervous Disease. London: Bailliére, 
Tindall Cox. 1936. Price 13s. 


For such book this many teachers neurology have for long wished. 
the author has and presented lucidly the more essential facts 
to-day’s knowledge the structure and functions the nervous system 
from the psychological well the neurological aspect, for one chapter deals 
with and the Mind-body and another the 
essential nature the psychoses discussed will therefore useful 
fundamental introduction the physiological study mental disease. 
not book for the junior student; for him the subject matter treated too 
concisely and places perhaps too much detail, but will safe guide 
and corrective those who have already studied the rudiments neurology 
and psychiatry. this respect the earlier chapters, especially those the 
organization the central nervous system, motor integration and locomo- 
tion, the cerebral circulation, are extremely valuable and instructive. 
The chapters the pathology the nervous system attain the same high 
level, though after having read the earlier sections many will regret they 


occupy many the author’s pages. 
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Physiopathologie Nerveux. Par Cossa. Paris: Masson 
Cie. 1936. Pp. 690. Price Fr. 


The sub-title this interesting book, Mecanisme Diagnostic indicates 
its scope and aim. The author describes shortly and illustrates simple 
diagrams the anatomical basis each function, discusses its physiology and 
then deals briefly with the disturbances which constitute the symptoms its 
disease, but the latter less essential feature his work. and 
physiology are, within the imposed limits, sound, though naturally such 
simplification the author attempts must places expose him criticism. 
has, however, succeeded producing excellent and extremely useful 
book for the student neurology. index adds its value. 


Otologische Diagnostik der Hirntumoren. von Berlin: 
Urban und Schwarzenberg. 1936. 285. Price RM. 


This study well-known Viennese otologist the disorders hearing 
and labyrinthine functions intracranial tumours important con- 
tribution their symptomatology, though the author recognizes that, except 
tumours the posterior fossa, these disorders contribute little diagnosis. 
special feature his work was the anatomical examination the inner ear 
well the brain all cases which came The pathological 
findings are carefully described and liberally illustrated; they include 
hemorrhages and exudates the labyrinth and cochlea acute 
varying intracranial pressure, and degenerative changes the nerves and 
ganglia, especially the vestibular, association with tumours the 8th 
nerve. 

The chapters deafness mesencephalic tumours and disturbances 
hearing cerebellar growths, and their differential diagnosis, are particular 
interest, also the question labyrinthine over-excitability both infra- 
and supra-tentorial tumours. 


Voies Conduction des Centres Par LEBLANC. 
Paris: Félix 1935. Pp. 235. Price Fr. 


junior neurologists and students who lack the opportunity interest 
obtain intimate knowledge the anatomy the central nervous system 
this book will useful. The anatomical connections and relations separate 
systems are described concisely short chapters and paragraphs, and copiously 
illustrated simple diagrams which are often crude, but accurate the 
whole diagrams can expected be. There are also short references 
the disturbances function which result from local lesions involving different 
conducting paths. Such patchy acquaintance with anatomy can thus 
obtained obviously unsatisfactory, but its type this book good. 


BRAIN—VOL. LIX. 34 


3 


508 NOTICES RECENT PUBLICATIONS 


und des Gehirns. von 
BERGSTRAND, OLIVECRONA und Tonnis. Leipzig: 
Thieme. 1936. Price RM. 24. 


This noteworthy contribution vascular abnormalities and tumours the 
central nervous system introduced long chapter their pathology 
Bergstrand. adopts Virchow’s original classification angiomata into 
cavernous and racemose types and his subdivision the latter into different 
sub-groups, fact can add only the Lindau tumours and the rare 
condition described Roussy and Oberling angioglioma. The pathological 
anatomy and the origin all these conditions are clearly described and 
excellently illustrated. and surgical sections have been written 
Olivecrona and the former deals with the Sturge-Weber syndrome 
and angio-reticulomata Lindau’s disease, the latter with arteriovenous 
aneurisms and venous racemose angiomata. The clinical features, differential 
diagnosis and treatment each form are carefully and fully considered. The 
production the book, and especially the illustrations, deserves much 


praise. 


Dystrophia Musculorum Eine erblichkeitsmedizinische und 
klinische Studie. von Lund: Berlingska Boktryckeriet. 
240. 

This study the muscular dystrophies, chiefly from the point view 
their inheritance, was made large personally observed material Sweden. 
The author’s conclusion that there probably more than one type 
heredity. The clinical features, related abnormalities, and the course and 
prognosis the disease are also discussed. 


Investigation Epilepsy and Water Metabolism. 
TEGLBJAERG. Copenhagen: Levin and Munksgaard. 1936. 
Pp. 247. 

The chief conclusions drawn from this carefully controlled 
documented study are, that the water balance more unstable epileptics 
than normal persons, usually the direction excessive retention, though 
seizures are not associated with any contemporary change dry diet 
régime helpful the treatment many cases epilepsy; that the relation 
epilepsy and water metabolism probably depends focal susceptibility 
nervous cells, and that effective method exciting, 
for the purpose observation, seizures those liable them. 


Les Spasmes Face Leur Traitement. Par Th. ALAJOUANINE 
Paris: Massonet Cie. 1936. Pp.88. Price Fr. 
This small monograph.deals with various types involuntary movements 

the face, including both the tics and those peripheral and central organic 
origin. will prove useful the practitioner his diagnosis and treatment. 
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Radiothérapie des Syndromes Organo-Végétatifs (Sympathicotonies, 
Vagotonies, Amphotonies). Par Paris: 
Masson Cie. 1935. P.158. Price Fr. 

After short review the action X-rays tissues, the authors 
concentrate the value treatment this means affections resulting 
from disorders the autonomic system. their review they include many 
morbid conditions which this pathogenic role not generally accepted, but 
their methods and the results they claim have obtained are instructive. 
The literature the subject critically analysed. The book should prove 


useful those engaged radiotherapy. 


Nouveau Traité Psychologie. Tome Par 

This fifth volume Prof. Dumas’s admirably planned series deals with the 
systematized functions intellectual life. The opening article, perception, 
Prof. Bourdon, who follows orthodox lines, subdividing his material 
according its sensory quality and paying adequate attention the work 
the school: does not, however, make use the rich material 
available clinical neurology and psychiatry, may seen his section 
visual, auditory space perception. The other three articles are all 
from the expert hand Henri Delacroix. the first examines the intellectual 
operations concerned thought, judgment, understanding, and 
which, ever, writes easily and lucidly. second article devoted 
belief and reason the earlier part discusses the psychological factors 
faith and certainty, and the latter part, the nature and function 
intelligence. Many important problems, such animal intelligence, so-called 
prelogical mentality and magic, are here critically elucidated. his last 
article considers memories, they may variously studied from the point 
view consciousness time, and the functions memory and intelligence 
there final brief excursus dreams and reveries. vast the literature 
the subjects treated this volume that the reader grateful for continu- 
ously readable text, neither loaded nor interrupted references the discordant 
authorities the bibliographies, however, are unduly select. 


Theory and Practice Psychiatry. London: 
Henry Kimpton. 1936. Price 42s. 

This the biggest single textbook psychiatry English, not any 
language. is, however, much bigger than its contents require. Psychiatry 
notoriously subject which difficult present discuss concisely, but 
such extreme discursiveness may found this book certainly not 
inherent the subject. The range topics goes beyond what may called 
medical, and seems support the view that psychiatrists who are mainly 
occupied with psychotherapy tend more interested philosophy life 
than strict observation and disciplined thinking. 
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Vom Sinn der von Berlin: Springer. 1935. 
314. 


this but instructive study the problem sensation analysed 
with remarkable freshness and profundity. The enormous influence 
Descartes upon psychology the subject erudite opening section, and 
the bearing this upon theories critically considered series 
chapters dealing with spatial localization, succession time, and the meaning 
the signal understood the doctrine conditioned reflexes. The 
author presents his own views sensation, which are subtle and complex. 
prefers regard sensation separate from perception, and distinguish 
between the dynamic process sensation and the corresponding physical 
happening. further developing his conceptions, which are philosophical 
tenor, brings his theory movement and the nature time and 
space incidentally refutes epiphenomenalism, which considers 
and other Gestalt psychologists modern proponents. His conclusions 


not lend themselves summary presentation. 


Leipzig: Georg Thieme. 1936. Price RM. 8.70. 


The author’s object was divide schizophrenia according the clinical 
state reached after patients had suffered from the chronic form the illness 
for ten years more. somewhat arbitrary method apportions his 
cases into less than fourteen groups, which correspond closely those 
delimited acute cases Professor Kleist, with whom has been working. 
cannot said that his method classification easy grasp apply. 
The atypical fifth his cases had heavy hereditary taint and were dependent 
exogenous factors: since, however, they were prone follow periodic 
course, seems likely that some the genetic factors work were those 


concerned manic-depressive psychosis. 


Cambridge University Press. 1935. Price 8s. 6d. 


The mathematical devices which Professor Spearman has enriched 
psychology, are here applied the field spatial perception. concluded 
that some spatial tests involve group factor, called which closely 
concerned with the ability obtain, manipulate and utilize visual spatial 
imagery. The emphasis put Dr. Koussy upon the visual element spatial 
perception would seem, from clinical data, express unduly simplified 
view the relations. The author first surveys the range and theories 
spatial tests and the correlational studies the problem then describes 
his statistical treatment the data, concluding 


his tests and 
with explanation the factor based mainly introspective reports. 
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Sex and Personality. Terman and London: 
McGraw-Hill. 1936. Pp. 600. Price 25s. 

attempt has been made Professor Terman and his co-workers during 
the last eleven years work out tests which would quantify differences 
masculinity and femininity, much differences intelligence were made 
accessible measurement Binet and his among whom Professor 
Terman has been prominent. The vagueness the whole subject has 
made the authors reluctant see the painstaking experiments here reported 
anything more than preliminary study. Their statistical method deter- 
mining what tests were significant is, might expected, unexceptionable, 
and their cautious statement results gained large and varied material, 
including homosexuals and delinquents, provides valuable basis for further 
scientific work. The book fully documented and suggests many fields, 
including psychiatry, which the method might further applied. 


Methodik der Erbforschung: unter Beriick- 
sichtigung der Psychiatrie. von Leipzig: Thieme. 
1936. 189. RM. 10.50. 


The lack authoritative work methods investigating the heredity 
mental disorder made good this monograph. Although much 
applicable medicine generally, the author’s experience has been gained 
the specially difficult field psychiatry. After introductory review the 
problems Dr. Schulz describes detail the methods ascertainment and 
evaluation, paying regard also supplementary methods, such investigation 
twins. The weakest feature his book the statistical part which 
does not justice modern developments the treatment small samples. 
His exposition is, however, adequate for most purposes and should indis- 
pensable investigators who have not received training both genetics and 


psychiatry. 


Tentatives Opératoires dans Traitement Certaines Psychoses. Par 
Paris: Masson Cie. 1936. 248. Price Fr. 


The author started with the assumption that certain mental disturbances 
the insane result from faulty anatomical associations, chietly the frontal 
lobes, and therefore hoped relieve the symptoms interrupting these 
anatomical paths. His operation consists injection alcohol into, 
excision part of, the white matter the frontal lobes. claims that 
one-third the patients operated were cured and another third greatly 
relieved. Chapters the functions the frontal lobes stand par with 
the rest the book. 
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